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Abstract 
This is a pioneer study on the airborne fungi in construction workplace. High 
abundance of airborne fungi may trigger adverse or hypersensitive health problems. 
It may also cause nuisance odor and even damages to the building structure and 
lowers the aesthetic value. In this study, two passive (collector plate and collector 
with preservative) and two active (stationary biosampler and portable biosampler) 
sampling methods were tested in two storage rooms that were relatively low in 
human activities. The result indicates that the passive sampling method using the 
collector with preservative had an advantage in collecting yeasts. Comparing the 
active sampling methods, the stationary biosampler could collect more airborne fungi 
than the portable one. Yet the collection time affected the fungal community 
sampled. 
The airborne fungi in two construction workplaces located in Tsing Yi and 
Castle Peak Road were sampled four times from Dec 2005 to Aug 2006. By the 
passive sampling method, the airborne fungi abundance in the two workplaces 
ranged from 6 to 27 cfu/hr in the indoor environment and from 12 to 308 cfu/hr in 
the outdoor environment. Using the active sampling, the abundance found was from 
29 to 789 c fuW in the indoor environment and 1000 to 12000 cfu/m^ in the outdoor 
i 
environment. There was no significant seasonal pattern for indoor and outdoor 
airborne fungi. Most of the indoor/ outdoor ratios (I/O ratio) for the airborne fungi 
were lesser than 1 indicating good hygiene in indoor environment. A total of 66 
species of 39 genera was isolated and identified in this study. Among them 13 sterile 
mycelia and 7 yeasts were identified by sequencing the nuclear ribosomal DNA at 
ITS1-5.8S-ITS2 regions. The others were identified by colony and microscopic 
morphologies. This study confirms the dominant genera collected by the active 
sampling method were: Cladosporium, Penicillium and Aspergillus as in other 
studies. Besides, basidiomycetes were always collected. Yeasts Cryptococcus 
laurentii and Rhodotorula mucilaginosa were discovered to be common in the air 
habitat. Among the airborne fungi sampled, 78% were allergenic, 73% were human 
pathogenic and 42% were mycotoxin producers. 
Dusts from the filters of window-type air-conditioners in the two construction 
O Q 
site offices were collected. The dustborne fungal counts ranged from 10 to 10 cfu/g. 
Mycotoxins (aflatoxins, deoxynivalenol or ochratoxins) were detected in all dust 
samples in contrast to few samples showing cytotoxicities towards human lung and 
breast cancer cell lines. Besides, plasticizers were commonly found in dust samples. 
From the result, health hazards were identified in the airborne and dustborne fungal 
ii 
community. In face of the health hazards of the dustborne fungi, cleaning the filter 
was recommended and cleaning could lower the fungal abundance accumulated in 
three months by one-tenth. 
This study provided the basic information on the airborne and dustborne mold 
and yeast diversity in construction workplace. There is no distinction for indoor and 
outdoor fungal communities. Although some health hazards from airborne fungi were 













被動式採樣法的結果來看，兩個工地的室內空氣中每小時的真菌量爲6 - 27群 
落(cfu/hr)；而室外則爲12 - 308 cfu/hr。從主動式採樣法的結果來看，兩個工地 
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1. Introduction 
1.1 Airborne fungi 
Airborne fungi refer to any fungal species that can be found in the air. The 
airborne fungi exist in the form of fungal spores, hyphae and cells. They can be 
classified into two groups, the mold (filamentous fungi) and the yeasts (unicellular 
fungi). A mold reproduces asexually by forming spores or fragmentation and may 
reproduce sexually by hyphal fusion or conjugation while a yeast reproduces by a 
specific type of cell division called budding. Some airborne fungi cause a variety of 
health hazards to human (Carrer et al.，2001; Neilsen, 2003; Klaus et al.，2004). For 
example, fungus Fusarium oxysporum is pathogenic to plants and human. Fungus 
Cladosporium cladosporioides is allergenic. Fungi Aspergillus terreus and 
Penicillium commune are carcinogen producers and toxin producers. Furthermore, 
the harmful effects of airborne fungi not only come from their cells (mycelium, 
spores), but also from their metabolites, e.g. mycotoxins. 
Many harmful airborne fungi are deuteromycetes (Samson, 2005). They 
reproduce asexually by conidia (which are commonly called 'thin-walled spores') or 
chlamydospores (thick-walled spores). The mode of asexual reproduction is called 
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conidiogenesis (formation of conidia) (Samson, 2005). Thus these asexual spores are 
just like the seeds in plants. They will geminate to form new individuals of fungi. 
The sizes of these spores are very small, ranging from 1 - 50 |im in diameter 
(Samson, 2005), falling into the particulate matter (PM) category (of both 
subdivisions PM2.5 and PMIO) (USEPA, 
http://www.epa.gov/pm/naaqsrev2006.html). Eight-thousand tonnes of PM have been 
emitted every year in Hong Kong since 2001 (HKEPA, 
http://www.epd.gov.hk/epd/english/environmentinhk/air/air—quality一objectives/air_q 
uality一objectives.html). The detected PMIO level in Hong Kong (55 j igW) is well 
above the WHO (world health organization) AQG (air quality guidelines) (20 |ig/m^) 
(USEPA, http://www.epa.gOv/pm/naaqsrev2006.html). Because of small sizes and 
light weight, the fungal spores are driven by air current and easily inhaled by human. 
The spores are also produced in large amounts by a fungal colony. According to 
American Industrial Hygiene Association (AIHA, 
http://www.aiha.org/Content/AccessInfo/consumer/factsaboutmold.htm), one inch� 
area (6.45 cm^) of a Penicillium (a common airborne fungus) colony can produce 
1,000,000 spores within 7 days. Another concern is the metabolites from the airborne 
fungi. Different airborne fungi produce different metabolites. Some of them are 
volatile organic compounds (VOCs), for example, 2-ethyl-2-hexanal, which causes 
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irritation to eyes and noses (MSDS). Beside VOCs, mycotoxins are other metabolites 
that cause health concerns and it will be discussed in section 1.7. The spores, 
mycelium, allergen, VOCs or mycotoxins from airborne fungi can cause health 
hazards after inhalation. Therefore, attention should be paid on the airborne fungi 
(Morawska et al., 1995). 
The airborne fungi can exert their hazard effects in various ways, by their spores, 
metabolites and cells. Also, they can grow in a drier environment where bacteria 
cannot grow (will be explained in section 1.2). Therefore, the airborne fungi can be a 
problem to human health. It can also cause serious structural damage to the houses. 
Visible mold contamination can occur after flooding and also when there is water 
leakage in pipes or air-conditioners and at the condensation on the ceiling (Mold 
Inspector, http://www.moldinspector.com/). According to Environmental Protection 
Agency in U.S. (USEPA, http://www.epa.gov/mold/moldresources.html) and 
Environmental Protection Department in Hong Kong (HKEPA, 
http://www.epd.gov.hk/epd/english/environmentinhk/air/air_quality_objectives/air—q 
uality一objectives.html), airborne fungi are of concern for air quality. 
3 
1.2 Requirement of water activity for airborne micro-organisms 
The airborne fungi may pose similar or even more severe health hazards than 
bacteria. The airborne fungi are usually more tolerant to environmental stresses than 
bacteria. Water activity (aw) is one of the key factors of a substrate affecting growth 
of micro-organisms. Water activity (a^) is calculated by the vapor pressure of water 
in the substrate divided by the vapor pressure of pure water. It ranges from 0 (without 
water) to 1 (full of water). The value indicates the amount of water in the substrate 
that is available for microorganisms to use. The higher the a^ is, the more water 
available for microorganisms is. This aw is a critical factor for the growth of fungi 
and bacteria (Hurst & Crawfod，2002). The chart (Figure 1.1) shows the relationship 
between water activity and the growth limits of different microorganisms (Food 
Science Australia, http://www.foodscience.csiro.au/water_fs-text.htm). 
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Figure 1.1 Relationship between water activity and growth limits of microorganisms. 
From Figure 1.1, the growth limit of molds ranges from aw of 0.65 to 0.80. That 
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is, when aw is lower than 0.65，no fungi can grow. For bacteria, the a^ is about 0.90. 
This means that bacteria need more water to grow than molds. In other words, molds 
are more tolerant than bacteria. 
1.3 Sampling of airborne fungi 
There are the viable and non-viable bases for sampling of airborne fungi. The 
viable base is to collect the airborne fungal spores or hyphae which are culturable in 
the laboratories. The collected airborne fungi either impact onto a growing medium 
(e.g. a nutrient agar plate) directly or impinge in a preservative which is then 
inoculated in a growing medium (e.g. spread on a nutrient agar plate) for cultivation. 
When the nutrient agar plate is used, the viable cells (spores or hyphae) will form 
colonies and be counted (colony forming unit; cfu). The disadvantage of this base is 
the additional health hazards to the operator as artificial cultivation increases the 
biomass of the culturable airborne fungi which could exert their adverse effects 
(Flannigan, 1997; Samson et al., 2005). However, this base allows the identification 
of the airborne fungi to the species level (Jen et al., 2000; Su et al., 2005; Grinshpun 
et al., 2006). For the non-viable base, fungal spores are collected from the air either 
by filtration or the impinging. When the filtration method is used, fungal spores are 
collected on a filter membrane. When the impinging method is used, fungal spores 
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are collected into a preservative. By using a light microscope, the fungal spores 
collected are counted and identified (Jen et al., 2000). The disadvantage of this is the 
failure in identifying the spores to the species level (Jen et al., 2000; Su et al., 2005; 
Grinshpun et al., 2006). 
Both bases can use either passive or active sampling method (Portnoy et al., 2004; 
Samson et al., 2005). In passive sampling, fungal samples will settle into samplers by 
gravitational force. Passive sampling methods are usually convenient and cheap. The 
result is presented in colony forming unit (cfu) for viable base and number of spores 
for non-viable base. In active sampling, fungal samples will be collected by pumping 
action or suction force generated by biosamplers (pumps). Since active sampling 
methods can measure the volume of air sampled, the result can be presented in 
colony forming unit or number of spores per unit volume of air (cfuW of air or 
sporesW of air). Thus, the result can be compared with other studies. 
There are many samplers that can be used for sampling of airborne fungi. 
Generally, they can be classified into three kinds: impaction on agar (fungal samples 
will be collected on agar plates by either gravity or suction force), collection in liquid 
(fungal samples will be collected in liquid media by either gravity or suction force) 
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and collection by filtration (filter is used to collect fungal samples that have a larger 
size than the pore sizes of the filter) (Portnoy et al., 2004). 
There is a suggested protocol for mold assessment in large office buildings in 
U.S.A (USEPA, http://www.epa.gov/iaq/base/). The protocol only applies to large 
office buildings that meet certain criteria. The number of occupants should ranges 
from 50 to 60 and who work for 20 or more hours per week. The air supply should be 
provided by one air handling unit. The test place should totally contain only one floor. 
The protocol suggested that the viable base active sampling methods should be used. 
The bioaerosol samples (e.g. airborne fungi) should be paired as two- and 
five-minute samples and should be collected at three indoor fixed-site locations and 
at an outdoor location. The samples should be collected on Wednesday only at 
approximately 10:30 a.m. and 3:30 p.m. However, there is no criterion for airborne 
fungi as a whole. 
Most studies (Wong, 1997; Jen et al., 2000; Rainer et al., 2000; Chao et al., 
2002; Grinshpun et al., 2006; Kim & Kim, 2007; Salonen et al., 2007) used the 
active sampling methods to collect airborne fungi and determination of viable count. 
It was because these methods could present the microbial abundance in a comparable 
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unit, colony forming unit per cubic meter of air (cfu/m^). It is important to compare 
the results with other studies, reference levels and correlation with other factors. 
However, some studies (Reponen et al., 1999; Portnoy et al., 2004) showed that the 
blowing action in the active sampling method would cause cell death due to 
mechanical stress or desiccation. Also, the splash out of the collecting medium would 
disperse the medium into droplets and reaerosolize some of collected particles, 
leading to escapes through the outlet (Reponen et al., 1999; Portnoy et al., 2004). 
Therefore, some fungal species, especially those with low abundances or low 
tolerance to water loss, will not be found in the viable count. Besides, the sampling 
efficiency of the active sampling method would be decreased in a highly partitioned 
indoor environment (Portnoy et al., 2004). On the other hand, although the passive 
sampling method could not be presented in a comparable unit, it could prevent the 
fungal death from desiccation. Passive sampling methods collect airborne fungi by 
gravitational force only. Therefore, no additional mechanical force (e.g. the suction 
force) and blowing action will exert on the fungal samples. It will provide less stress 
on the fungal samples during collection and hence the viability of fungal samples 
will increase. 
Beside the airborne fungi, carpet dusts were collected for dustbome fungal 
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analysis in many environmental studies (Engelhart et al., 2002; Chew et al., 2003; 
Horner et al., 2004). The dustborne fungal abundance found in carpet dusts was lO* -
10^  cfii/g (colony forming unit per gram of dust) in dwellings in Germany (Engelhart 
et al., 2002), 10^  cfu/g dust in homes in U.S. (Chew et al., 2003) and 10^- 10^  cfWg 
in houses in Pennsylvania (Horner et al., 2004). Yet carpets are not common in 
households and offices in Hong Kong. Compared with the carpet dusts, the 
air-conditioner dusts have a dimmer and undisturbed environment. Also, in the 
air-conditioner, the dusts were accumulated by filtering the indoor air and mixing 
with a small percentage of fresh outdoor air. In contrast, the carpet dusts are 
accumulated by gravitational force. Although they have differences, both of them can 
provide a "history of airborne fungi". 
In Hong Kong, with the lack of information, there is no criterion for airborne 
fungi or mold assessment. When comparing with other countries, many workplaces 
and domestic indoor environments in Hong Kong are small and highly partitioned. 
The active sampling method may not work well. Therefore, passive methods were 
also carried out in this study. For both active and passive sampling methods, the 
viable base sampling methods were adopted as it gave the information on the 
airborne fungal community. 
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1.4 Identification of airborne fungi 
The airborne fungi can be identified by their morphological features and the 
conserved fungal DNA sequences, e.g. nuclear ribosomal DNA gene (White et al., 
1990; Adhikari et al, 2004). The former is to identify by the colony morphology and 
the microscopic details of the fungus (Adhikari et al, 2004). Most studies (Wong, 
1997; Chao et al, 2002; Shelton et al., 2002; Kim & Kim, 2007; Salonen et al., 2007; 
Tsai et al., 2007) adopted this method as it is relatively cheaper; The sterile mycelia 
do not carry out conidiogenesis or sexual reproduction in laboratory cultures, and 
yeasts are impossible to be identified by their morphologies (Samson, 2005). They 
are generally named and grouped as 'sterile mycelia' and 'yeasts' without species 
identification in most environmental surveys, and their relative abundances are 
unable to be determined (Wong, 1997; Chao et al, 2002; Tsai et al., 2007). Molecular 
identification which adds expense must be used to identify these groups of fungi. In 
this study, both the morphology identification and the molecular identification were 
adopted to provide a complete survey on the species diversity of airborne fungi 
(mold and yeasts). 
1.5 Measurement of diversity of the airborne fungi 
A fungal survey is usually represented and compared by the abundance, species 
10 
richness, species composition and diversity index. Abundance refers to the number of 
viable fungal units sampled in the air. Species richness is the number of fungal 
species identified in the air sample. Species composition refers to the list of 
identified fungal species and the relative abundances of the identified fungal species 
in the air sample expressed in percentage. To reflect the fungal biodiversity in terms 
of species evenness, two diversity indices were used in this study: Shannon-Weaver 
diversity index (Tsai et al., 2006) and Simpson's index (Buckland et al., 2005). 
Shannon-Weaver index (H) was used to describe the species diversity and species 
evenness in the sampled air environment (Kuhl et al., 1999; Tiquia et al., 2005). This 
index incorporates two components; species richness and the relative abundance of 
those species. 
1) 
H = — ^ a , I n a , 1 1 1 
1=1 
where D: the species number 
ai： the proportional abundances of species i 
The larger value of this index represents a larger heterogeneity of the community. 
However, from the equation, we could see that different species number would result 
in a different maximum Shannon-Weaver index (Hmax). Therefore, a relative 
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Shannon-Weaver index (J) (Tiquia et al., 2005) was used. 
J - H H ! 腿 
The maximum of the index (Hmax) is calculated by assuming each species found 
had even abundances. The relative Shannon-Weaver index ranges from 0 to 1. The 
higher the index, the higher the diversity. 
There are two assumptions for this index. The first one is that individuals are 
randomly sampled from an infinitely large community. Also, it is assumed that all 
species are represented in the data set (Chao and Shen, 2002; Buckland et al., 2005). 
Simpson's diversity index (D) also takes into account the number of species 
present, as well as the relative abundance of each species (Tsai et al., 2006). 
Simpson's diversity index is one of the most meaningful and robust traditional 
diversity measures available (Buckland et al., 2005). The assumption for this index is 
that individuals are randomly sampled from an infinitely large community (Buckland 
et al., 2005). The formular of Simpson's diversity index (D) was: 
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D = N ( N - l ) 
where S: the number of species 
N: the total percentage cover or total number of organisms 
Hi： the percentage cover of the species i or number of organisms of the 
species i 
The index ranges from 0 to 1 and the lower the index, the lower the diversity. 
1.6 Airborne fungi in different environments 
Most people spend more time in indoor environments than the outdoor (Carrer et 
al, 2001). Moreover, due to difficulty in dilution, the pollutant concentrations are 
higher in indoor than outdoor air (Carrer et al, 2001). For these reasons, the indoor 
air quality (lAQ) in residence and workplaces are very important to human health. 
Therefore, most scientists concerned about the airborne fungi in homes (Wong, 1997; 
Jen et al., 2000; Grinshpun et al” 2006; Salonen et al., 2007) and large offices (Wong, 
1997; Chao et al., 2002). The fungal abundance found in these studies ranged from 
53 - 23343 cfu/m^ in homes or domestic buildings and from 1 - 2780 cfUW in large 
offices. In recent years, airborne fungi in the workplaces other than offices were 
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causing concern. For example, in public facilities, such as hospital, childcare centre, 
elderly welfare facility and maternity recuperation centre in Korea, the fungal 
abundance was found to range from 151 - 575 c f u W (Kim & Kim, 2007). In 
workplaces, such as pet shop, clinic and flower garden in Korea, the fungal 
abundance was found to range from 18 — 14799 cfii/m^.(Jo & Kang，2006). The most 
abundant genera found for the indoor airborne mold were Cladosporium, Penicillium 
and Aspergillus and independent of different countries and climate zones (subtropical, 
temperate and subarctic) (Wong, 1997; Chao et al, 2002; Shelton et al., 2002; Kim & 
Kim, 2007; Salonen et al., 2007; Tsai et al , 2007). 
The indoor to outdoor ratio (I/O ratio) is useful in assessing the airborne fungi in 
indoor and outdoor environments (Shelton et al,, 2002). I/O ratio is calculated by the 
equation: 
I/O ratio = Ai/Ao 
where Aj： indoor fungal abundance 
Ao： outdoor fungal abundance 
If I/O ratio is > 1, this means that the indoor environment has one or some 
source(s) of fungal propagules, and one suspected source is the air-conditioning 
system which has not been maintained well (Wong, 1997; Shelton et al., 2002). The 
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I/O ratio could range from 0.15 - 5 (Wong, 1997; Jen et al., 2000; Shelton et al., 
2002; Grinshpun et al., 2006; Kim & Kim, 2007; Tsai et al., 2007). 
There are studies that described a seasonal change of the abundance of airborne 
fungi. The findings (Jen et al., 2000; Chao et al., 2002; Shelton et al., 2002; Chao et 
al., 2005) were however contradictory. The highest airborne fungal abundance was 
found in the summer or warmer months (Chao et al., 2002; Chao et al., 2005), in the 
fall (Shelton et al., 2002) and in the winter (Jen et al., 2000). 
1.7 Health hazards from airborne fungi and their metabolites 
1.7.1 Health hazards caused by airborne fungi 
There are various health hazards caused by the airborne fungi. Some of them 
(e.g. Cladosporium spp) are allergenic. Fungal spores play an important role in 
environmental allergens. Many of the fungal spores will stimulate inappropriate 
production of immuno-globulin E causing type I hypersensitivity (Nielsen, 2003). 
The exposure route of fungal spores is mainly via inhalation. It is found that mold 
allergy constitutes 25 - 30% of all allergic asthma cases (Kurup et al., 2002). 
However, the effects of allergens on different people are different. It is because its 
mechanism is extremely complex and is dependent on the nature of allergens 
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(different species fungal spores), host genetical makeup, underlying diseases and the 
duration of exposure to allergens (Kurup et al.’ 2002). The common symptoms of 
allergy are shedding tears, sneezing and mucous discharge (Yoshida et al, 2005). The 
important fungi associated with allergy include Alternaria, Aspergillus, Penicillium, 
Cladosporium, Fusarium and Epicoccum (Kurup et al., 2002). 
Besides, some airborne fungi are pathogens. There were many diseases related 
to fungal infection. For example, athlete's foot (tinea pedis) is very common in Hong 
Kong. This disease is caused by parasitic fungi such as Trichophyton spp, and 
Candida spp (Roberts & Campbell, 2002; Brasch & Gmser, 2005). This disease will 
cause dermatomycosis. Beside the feet, these fungi can attack different parts of our 
bodies, such as lungs, skins and mouths. However, most of them will only cause 
opportunistic infections and attack immunosuppressed patients, for example, patients 
with acquired immune deficiency syndrome (ADIS), diabetes or malnutrition. 
Some airborne fungi or their metabolites are carcinogenic which can cause 
cancers after ingesting or inhaling them, e.g. aflatoxins from some Aspergillus spp 
(Samson, 2005). Some molds also contain toxins e.g. satratoxins from some 
Stachybotrys spp (Diaz, 2005) which are very toxic and can cause lethal effect. 
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Recently, some studies showed that some fungal metabolites are endocrine disruptors. 
The endocrine disruptors can affect endocrine system by their estrogen/ anti-estrogen 
activity or androgen/ anti-androgenic activity. Zearalenone produced by some 
Fusarium spp (Carrer et al., 2001; Neilsen, 2003; Klaus et al., 2004) is one of the 
examples. It was shown to have binding affinities to Estrogen Receptors a and p 
(Simon et al., 2004). 
Some fungi are not only harmful to human but also to plants. Several Fusarium 
species are widespread pathogens for cereals and caused a disease known as 
Fusarium head blight (Niessen et al., 2002). Plants are the primary sources (or food) 
for many fungi (Chao et al., 2005). Many fungi are either saprophytic or parasitic to 
plants. 
The toxic effects of the airborne agricultural dusts and carpet dusts were 
evaluated by Microtox^'^ (Ghosh et al., 2005) and in vivo cytotoxicity tests (animal 
tests) (Rahman et al., 2002). It was shown that the dusts from different workplaces or 
locations would have different toxicities (Rahman et al., 2002; Ghosh et al., 2005). It 
might be because the dusts were heterogeneous mixtures of particulate matter, which 
contained large number of biologically active agents (Rahman et al., 2002). The 
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native proportions of dust varied depending on the sources (Rahman et al., 2002). 
1.7.2 Health hazards of mycotoxins 
Many common airborne fungi, such as Aspergillus and Penicillium spp are able 
to produce mycotoxins. The word 'mycotoxins' comprises of two words: 'myco' 
represents 'produced by fungi' and 'toxins' represents 'their harmful effects' (Proft, 
2005). Mycotoxins are secondary metabolites produced by fungi that can evoke an 
acute or chronic disease or even death to vertebrates (Proft, 2005; Samson, 2005). 
The formation of secondary metabolites is not directly connected with the basic 
biosynthetic capacity of biomass formation, such as the formation of lipids, proteins 
and steroids (Ajl, 1971). Secondary metabolites are usually non-essential for growth 
and produced at the end of the exponential phase. Different secondary metabolites 
have different functions such as serving as communication signals, chemical defense 
and growth factors (Martin et al, 2005). Antibiotics produced by fungi are one of the 
secondary metabolites. The antibiotics served as chemical defenses to inhibit or stop 
bacterial growth around the fungi. 
Scientists believe that fungi produce mycotoxins for chemical defense. 
Mycotoxins are used against insects, microorganisms and others organisms that feed 
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on fungi (Martin et al, 2005). They are mainly produced by the genera Aspergillus, 
Penicillium, Fusarium and Alternaria. These four genera are common fungi found in 
food, air and soil while the genera Aspergillus and Penicillium are the common 
airborne fungi found world-wide (Wong, 1997; Chao et al, 2002; Shelton et al., 2002; 
Kim & Kim, 2007; Salonen et al., 2007; Tsai et al., 2007). One fungal species can 
produce several mycotoxins while different fungal species can produce the same 
mycotoxin (Figure 1.2) (Samson, 2005). Figure 1 1 shows the mycotoxins produced 
by Aspergillus flavus and Aspergillus nomious. They can produce several mycotoxins 
and both of them can produce aflatoxin Bi. 
Aspergillus flavus Aspcr^iUiiS nomiom 
Cyciopiazoiiic ackl Aspergillic 'acid Aflatoxin Bl AflatoxmGl Tenuazomc acid 
Figure 1.2 Mycotoxins produced by Aspergillus flavus and Aspergillus nomious. 
Owing to the difference in structural and chemical properties, mycotoxins are 
divided into different groups (such as aflatoxins and ochratoxins). Figure 1.3 - 1.7 
show the chemical structures of aflatoxin Bi, B2a, Gi, Mi and Pi. All of them have a 
basic structure, dihydrofuran or tetrahydrofuran moieties fused to a coumarin ring 
(Hussein & Brasel, 2001). The differences among them may only exist at one atom. 
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Figure 1.7 Structure of Aflatoxin Pi 
The aflatoxins Bi, B2a, Gi, Mi and Pi have the same skeleton but different side 
chains/ substitutes. The difference in the structures causes the difference in the 
metabolism of the aflatoxins in human body. This also causes the different toxic 
effects of aflatoxins. For example, aflatoxin Bi has a higher carcinogenic effect than 
aflatoxin Mi (lARC, http://monographs.iarc.fr/ENG/Classification/index.php). This 
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is because aflatoxin Mi has a hydroxyl group in its structure and relatively more 
dissolved in water and is then excreted through urine. On the other hand, alfatoxin Bi 
has no hydroxyl group so it is lesser polar and relatively lesser dissolved in water. 
The mycotoxins aflatoxins, citrinin, deoxynivalenol and ochratoxins are 
produced by the common airborne fungi from genera Aspergillus, Fusarium and 
Penicillium. However, the presence of mycotoxin does not mean that the producer 
can be found. This is because mycotoxins can exist even when the producer (fungus) 
is removed or killed. Inversely, the presence of the producer does not mean that the 
mycotoxin can be found. If the environmental conditions or the substrates are not 
suitable or the fungus and it does not grow well, no mycotoxin will be produced 
(Samson, 2005). Different mycotoxins had been determined in indoor airborne dusts 
in agriculture facilities (Ghosh et al., 2005) and carpet dusts in houses with or 
without mold contamination (Straus et al., 2005) and in damp houses (Engelhart et 
al., 2002). 
1.7.3 Mycotoxins aflatoxins, deoyxnivalenol, ochratoxins and citrinin 
In this study, four mycotoxins (aflatoxins (AF), deoxynivalenol (DON), 
ochratoxins (OT) and citrinin (CIT)) in dusts were studied, as they were produced by 
commonly found fungal genera Aspergillus, Penicillium and Fusarium (Samson, 
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2005). The aflatoxins are produced by 6 species in genus Aspergillus. The toxicities 
of six aflatoxins were described on in Table 1.1. 
Table 1.1 Summary of aflatoxins toxicities (MSDS, USEPA, Hussein & Brasel, 
2001). 
Aflatoxin Bi B2 Gi G2 Mi 
0.3 1.7 0.785 2.45 0.320 
LD50 (mg/kg) (MSDS) (oral, (oral, (oral, (oral, (unreported, 
rabbit) duck) duck) duck) duck) 
LD50 (mg/kg) 0.36 1.70 0.78 3.44 
(Hussein & Brasel， (oral, (oral, (oral, (oral, Not Reported 
2001) duck) duck) duck) duck) 
US EPA Not 
, A C D B2 
carcinogen class Reported 
Soluble in Water No No No No No 
Note: "a" The classification of carcinogens in US EPA 
Group A: Human Carcinogen 
Group B: Probable Human Carcinogen 
Group B l : Limited evidence of carcinogenicity from epidemiologic studies 
Group B2: Inadequate evidence or no data from epidemiologic studies 
Group C: Possible Human Carcinogen 
Group D: Not classifiable as to Human Carcinogenicity 
Group E: Evidence ofNon-Carcinogenicity for Humans 
Among the aflatoxins, aflatoxin Bi is the most prevalent, toxic and carcinogenic 
(Wang et al., 2006). It can induce DNA damage in liver, mutation and cancer. 
Aflatoxins are exposed to human mainly by food. Ingestion of aflatoxins 
contaminated food can cause both chronic and acute effects. The acute effects are: 
22 
vomiting, abdominal pain, hepatitis. For chronic effects, aflatoxins can cause cancer 
and even death (Diaz, 2005). 
Deoxynivalenol (DON) is a type B trichothecene, a group of mycotoxins with 
the structure epoxy-sesquiterpeneoid. It is mainly produced by three species of 
Fusarium (Sarlin et al., 2006). This toxin is rather mild comparing to others. 
However, it occured predominantly in grains and feed. Its L D 5 0 was 140 mg/kg 
(chicken, oral) and is not a known carcinogen. This toxin is also called vomitoxin as 
it will cause vomiting in livestocks. It is also a strong inhibitor of protein synthesis. 
By ingestion, for the acute effect, it can cause vomiting and suppress growth. For 
chronic one, it can cause damages to immune system, fertility and change in blood 
composition (Diaz, 2005). 
Ochratoxins refer to a group of mycotoxins, ochratoxin A, B and C. Ochratoxins 
are secondary metabolites produced by several species of Aspergillus and 
Penicillium. Among them, ochratoxin A is the most common and most toxic. 
Therefore, most studies focused on ochratoxin A (Bayman & Baker, 2006). The L D 5 0 
for ochratoxin A was 20 mg/kg (young rats, oral) and it is a group 2B carcinogen 
(lARC, http://monographs.iarc.fr/ENG/Classification/index.php). It was shown that 
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ochratoxin A could cause nephropathy and was immunotxic to expermintal aminals. 
It was also believed that ochratoxin A was associated with Balkan Endemic 
Nephropathy and the occurrence of urogenital tract tumor in human (Samson, 2005). 
Citrinin was originally identified in Penicillium citrinum. Then it was identified 
in several species of Penicillium, Aspergillus and Monascus. The L D 5 0 of citrinin 
was 57 mg/kg (duck, oral) and it is group 2B carcinogen (USEPA, 
http://www.epa.gov/). It was shown that citrinin could act synergistically with 
ochratoxin A to depress RNA synthesis in murine kidneys. Citrinin is a nephrotoxin 
and causing Balkan Endemic Nephropathy and yellow rice fever in human (Bennett 
& Klich, 2003). 
Conventionally, the mycotoxins were detected by using high performance liquid 
chromatography-mass spectrometer (HPLC-MS) and gas chromatography-mass 
spectrometer (GC-MS). In this study, GC-MS was adopted to detect the citrinin 
content in the dusts. Since the citrinin would be broken down easily, the selected ion 
monitoring (SIM) mode was used in GC-MS for detection. Besides, the aflatoxins, 
deoxynivalenol and ochratoxins contents were determined by commercially 
enzyme-linked immunosorbent assay (ELISA) kits. This was because the ELISA kit 
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was convenient and rapid (DeVries, 2000). 
1.8 Aim, objectives and project strategy of this study 
In this study, the airborne fungi in construction workplaces were investigated. 
This was because the construction workplaces were important in Hong Kong and 
many developing countries. In Hong Kong, there are 2% of employment working 
(about 50,000) in construction sites (Environment, Transport and Works Bureau) in 
2006. Thus, the air quality in the construction sites should be considered as it would 
affect the workers' health. The constructional activities led to dusty workplaces. It is 
believed that these human activities and dusty environment will increase the 
abundance of the airborne fungi. Moreover, the frequent in and out of the workers to 
the sites offices will influence the indoor airborne fungi in these offices. Two 
construction workplaces were selected for this study. 
1.8.1 Aim of study 
This study aims to assess the diversity of airborne fungi in construction 
workplaces and the health hazards caused by these airborne fungi 
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1.8.2 Objectives 
Several objectives were set in this study. Firstly, four sampling methods for 
airborne fungi collection were applied in two indoor environments. When using the 
active sampling methods, different sampling times (the length of sampling) were 
tested. Besides, the passive sampling methods were tested for overnight collection. 
Secondly, the fungal diversities in two construction workplaces were investigated. 
Thirdly, the seasonal effect on the biodiversities of indoor and outdoor airborne fungi 
was determined by both active and passive sampling methods during the period Dec 
05 to Aug 06 in these two construction workplaces. The relationship of the indoor 
and the outdoor airborne fungi was also investigated. Also, the effect of a green roof 
on the indoor airborne fungi would be determined. Finally, the health hazards of the 
indoor airborne fungi were assessed. This project would try to work out a way to 
collect the airborne fungi in a workplace and provide some information about the 
airborne fungi in Hong Kong. 
1.8.3 Strategy for the study 
The study was divided into three parts (Figure 1.8). The first part was applying 
four sampling methods for assessing the biodiversity of airborne fungi in two storage 
areas. The storage rooms were selected for the study because they could provide a 
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relatively undisrupted indoor environment (Tavora et al., 2003). It was important to 
do so as it could help determine whether the sampling performances would change if 
the site was changed. The viable airborne fungi method was adopted as it could give 
the information on the species found in the air. The airborne fungi collected by the 
four methods were compared by the abundance, the species number, the species 
composition and the species diversity. 
For the second part of the study, the airborne fungi of two construction 
workplaces were assessed by both passive and active sampling methods. The 
construction site offices in the workplaces would serve as indoor environments and 
the open areas in front of the entrance of the site offices would serve as the outdoor 
environment. In addition, whether a green roof was a source of indoor airborne fungi 
would be assessed. The abundance, species richness, species composition and species 
diversity of airborne fungi were determined. The seasonal effect on airborne fungi 
and the relationship between indoor and outdoor airborne fungi were also 
investigated. Different from many studies (Wong, 1997; Horner et al, 2004; 
Grinshpun et al, 2006; Chao et al, 2002), the yeasts and sterile mycelia were also 
identified by the molecular marker, sequence of the nuclear ribosomal DNA gene 
(5.8S-coding sequence) (Chiu et al., 1996; White et al., 1990). Besides, the dusts 
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from the air-conditioners in the construction workplaces were collected and their 
dustborne fungi were determined. This is the pioneer study in revealing the airborne 
and dustborne fungi in the construction workplaces. 
The third part was to assess the health hazards of airborne fungi on occupants of 
the workplace. The dusts from air-conditioners in the construction workplaces were 
analyzed. The dustborne fungal abundances, the mycotoxin (aflatoxins, citrinin, 
deoxynivalenol and ochratoxins) contents, the organic volatile profiles and the 
cytotoxicities of the dust samples were assessed. 
Sampling of airborne fungi in: 
v^  Mushroom house in CUHK 
V Storage room in the construction site office in Tsing Yi 
V 
Sampling of airborne fungi in: 
�Cons t ruc t ion workplaces in Tsing Yi and Castle Peak Road (four surveys) 
Z The green roof in the construction workplace in Tsing Yi 
^ 
Health hazards of the dusts from air-conditioners of construction site offices 
Figure 1.8 A flow chart of the project scheme. 
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1.9 Significance of the study 
This study is original in formulating an assessment strategy on airborne fungi by 
studying its biodiversity, revealing the dustbome fungal metabolites and their 
potential health hazards, and evaluating the different sampling methods on 
determining airborne fungal diversity. The present study is the pioneer environmental 
study in construction workplaces. The selected workplaces are typical in Hong Kong 
having highly partitioned site offices. Moreover, the integrated approach is novel to 
include both passive and active sampling methods for airborne fungi and the 
sampling of dusts from air-conditioners. The findings in this project could provide a 
database of airborne fungi in construction workplaces (outdoor and indoor) in Hong 
Kong. Also, the present study identified the airborne fungi using conventional 
morphological markers and molecular markers, and thus gave fair assessments on the 
abundance of mold and yeasts in the air. Together with the health hazards of the 
identified airborne fungi and the hazards from the dusts from air-conditioners, the 
present study provides more first hand information on the health hazards from the 
airborne fungi in construction workplaces. 
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2. Materials and methods 
2.1 Sampling method 
Four sampling methods for airborne fungi were used in this study. Two of them 
were viable base passive sampling methods and two of them were viable base active 
sampling methods. 
2.1.1 The passive sampling methods 
Two passive sampling methods were used a collector plate and a collector with 
preservative. The passive methods collected airborne fungi by gravitational force. A 
collector plate (Figures 2.1 & 2.2) was a potato dextrose agar (PDA) plate (Difco, 
213400) (ingredients: 4 g potato starch, 20 g dextrose and 15 g agar) (diameter: 9 cm) 
placed in a wide mouth plastic container (height: 7 cm; mouth area: 87 cm】； base 
area: 44 cm^). Airborne fungal samples were collected by gravity (Portnoy et al., 
2004). Once a viable and culturable fungal isolate settled on the agar plate, it would 
grow. 
A collector with preservative (Figures 2.3 & 2.4) was a sterile container (height: 
7 cm; mouth area: 87 cm�； base area: 44 cm^) containing 10 ml of autoclaved 
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preservative (1% glycerol). Fungal samples were collected into the preservative by 
gravity (Portnoy et al.，2004). Both collector plate and collector with preservative 
were cheap and convenient to use. Thus, collections were done at different sampling 
points for both types of collector in the same area at the same time. 
Bv eravitv 
愈 _ \ [^ontainer 
？ I ③ • … … . … … A ^ A g — a t e 
Figure 2.1 Picture of collector plate Figure 2.2 Diagram of collector plate 
p g S S ^ ^ By gravity 
I•藝、、 ； n \ / e r 
V 、 V \ / ^^Preservative 
Figure 2.3 Picture of collector with Figure 2.4 Diagram of collector with 
preservative preservative 
2,1«2 Operation of the two passive sampling methods 
When the collector plate and the collector with preservative were used to collect 
airborne fungi, they were either stuck to the wall at breathing zone (about 1.5 m 
height from the ground) or placed on a desk (Wathes et al., 1997; Jen et al.，2000; 
Salonen et al., 2007). After collection, the collector plates were incubated at room 
31 
temperature for five days. For the collector with preservative, 0.1 or 0.2 ml of 
preservative (1% glycerol) was spread on P D A plate. Each sample was spread on 
three agar plates (3 replicates). The plates were then incubated at room temperature 
for five days. 
Then the numbers of viable mold and yeast colonies were counted and their 
species identified within 7 — 21 days. The identification was determined by 
morphological characteristics, colony morphology and microscopic morphology 
(Adhikari et al, 2004; Samson, 2005). The unknown (the sterile mycelia) species 
with high abundance and the yeasts species were identified by sequencing the 
amplified sequences of the internal transcribed spacer (ITS) region of the nuclear 
ribosomal D N A genes. The detail of the identification of airborne fungi is described 
in section 2.2. 
2.1.3 The active sampling methods 
Portable biosampler with preservative and stationary biosampler with 
preservative were used for active sampling methods. These methods collected 
airborne fungi by sucking air into a collector/ test tube with liquid. The fungal cells 
or spores would be impinged into the liquid. The portable biosampler (Figures 2.5 & 
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2.6) used a universal pump (model: 224-44XR, SKC Universal Pumps). It was 
commonly used to sample particulate matters, volatile organic compounds and other 
chemical pollutants (Naeher et al” 2000). In this set-up, the universal pump was 
connected to a test tube containing 4 - 5 ml autoclaved preservative (1% glycerol). 
When the universal pump was turned on, the ambient air would be drawn into the 
test tube through the glass tube. Then, the fungal samples in the air would be 
impinged into the 1% glycerol in the test tube. 
The stationary biosampler (Figures 2.7 & 2.8) used was manufactured by SKC 
Inc. (model: 225-9594B, SKC Biosampler kit). It could provide 8 hours or longer 
sampling at relatively constant physical collection efficiency (Lin et al., 1999). For 
this set-up, the pump (Vac-U-Go Pump) was connected to a patented design collector 
(model: 225-9594B, SKC Biosampler kit) containing 10 - 20 ml autoclaved 
preservative (1% glycerol). When the pump was turned on, the ambient air would be 
drawn in through the inlet. Then, the air would be drawn into the collector through 
three specially designed nozzles and a cyclonic air current would be generated inside 
the collector (Lin et al, 1999). Then, the fungal samples would be impinged into 1% 
glycerol in the collector. It should be noticed that the portable biosampler was more 
convenient to use as it did not need a socket but with a rechargeable battery. 
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Figure 2.5 Picture of stationary Figure 2.6 Diagram of stationary biosampler 
biosampler 
Inlet 
Air in d j ) ^ 
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Figure 2.7 Picture of portable Figure 2.8 Diagram of portable biosampler 
biosampler 
2.1.4 Operation of the two active sampling methods 
When the two active sampling methods were used, the inlets of the two 
biosamplers were put at 0.75 m above ground (Seixas et al., 2001). Any obstructions 
within 3 meters in front of the inlets of the biosamplers were removed during the 
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operation of the biosamplers. The biosamplers were fixed at specific flow rate, 5 liter 
per minute (L/min), throughout the collection. After collection, 0.2 ml of preservative 
(1% glycerol) from the test tube or the collector was spread on a P D A plate. Each 
sample was spread on three agar plates (3 replicates). The plates were then be 
incubated at room temperature for five days. The viable molds and yeasts were 
counted. Identification of the fungal isolates was done as before (section 2.1.2). 
2.2 Identification of airborne fungi 
2.2.1 Identification by morphological markers 
The identification of the airborne fungi was firstly determined by conventional 
morphological checking (Adhikari et al, 2004). The colony morphology and the 
microscopic details of the fungus were checked. Usually, the mold species would 
have filamentous appearances and the yeast species would have semi-liquid 
appearances on agar plates. The microscopic details of the fungus were observed 
with a light microscope (Nikon; EClipse 80i). The sterile mycelia species with high 
abundances and the yeasts species that could not be identified by morphological 
checking were identified by molecular identification method described in section 
2.2.2. 
35 
2.2.2 Molecular identification of airborne fungi 
2.2.2.1 Genomic DNA extraction from fungal biomass 
The isolates that were yeasts or could not be identified by morphology and with 
high abundances were screened out for molecular identification. The D N A was 
extracted with a commercially available D N A extraction kit (NucleoSpin® Plant, 
Macherey & Nagel，740570250). About 100 mg biomass, either fresh or freeze-dried, 
were added into an eppendorf tube. Then 200 |il CI (cell lysis buffer) were added. 
The sample was vortex mixed and incubated at 60°C for 30 minutes. The sample was 
centrifuged for 5 minutes at 10,000 x g. Three-hundred \i\ supernatant were 
transferred into an eppendorf tube with 300 |il buffer C4 premixed with 200 |xl 
ethanol. The sample was mixed by inverting the eppendorf tube. The mixture was 
transferred to a new tube with a NucleoSpin® Filter column and centrifuged for 1 
minute at 8,000 x g. The flow-through was discarded. These steps were repeated until 
all the lysate sample has passed through the filter column. Four-hundred |xl buffer 
C W were added into the column and centrifuged for 1 minute at 8,000 x g. The 
flow-through was discarded. Then 700 buffer C5 were added to the column and 
centrifuged for 1 minute at 8,000 x g. The flow-through was discarded. Another 200 
|il buffer C5 were added to the column and centrifuged for 1 minute at 13,000 x g to 
remove buffer C5 completely. The NucleoSpin Plant column was then placed in a 
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new 1.5 ml eppendorf tube. One-hundred fxl elution buffer CE (preheated to 70°C) 
were added onto the membrane of the column. After 5 minutes incubation, the tube 
was spun for 1 minute at 13,000 x g to collect the D N A . The D N A sample was stored 
at -20°C before use. 
2.2.2.2 Specific polymerase chain reaction (PCR) 
The nuclear ribosomal D N A (5.8s-coding sequence) (Figure 2.9) of the genome 
was amplified with fungal-specific primers ITS 5 (forward primer) and ITS4 
(backward primer) (Table 2.1) (Chiu et al., 1996; White et al., 1990). The PCR 
reaction mixture containing 2.5 \i\ 10 X reaction buffer, 2.5 [i\ 3.5 m M MgCb, 1.6 ^ il 
2.5 m M dNTPs, 0.5 ^il 10 n M primer ITS5, 0.5 10 n M primer ITS4, 0.1 ^il 1.5 U 
Taq D N A polymerase (Thermoprime Plus), 12.3 ultrapure water (Millipore; Milli 
Q Academic water system, FBKM12707A) and 0.5 genomic D N A were used for 
the amplification. The thermal program was 36 cycles of 95°C for 1 min, 56°C for 1 
min and 72°C for 2 min with the last extension time lengthened to 10 min with the 
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Figure 2.9 Schematic representation of fungal nuclear ribosomal D N A around the 
5.8S rDNA gene. 
The location of the primers used for amplification and sequencing are indicated 
as arrows in Figure 2.9. Different fungal species have different lengths for the two 
interspacer regions bounding the 5.8S rDNA. 
Table 2.1 Primers used for amplification of fungal nuclear ribosomal 5.8S gene. 
Primer Sequence Amplification product (bp) 
ITS 5 5,-TCCTCCGCTTATTGATATGC-3’ m 
ITS 4 5’-GGAAGTAAAAGTCGTAACAAGG-3’ 
2.2.2.3 Purification of PGR products 
After the amplification, PGR products were resolved with 2 % agarose gel 
electrophoresis, and images were paptured using a gel documentation system 
(BIO-RAD Gel Doc 1000). 
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The PGR band was cut from the gel and the amplified D N A were purified by a 
commercial kit, GENECLEAN® SPIN Kit (Q-Bio gene, 1101-600). A maximum of 
300 mg of agarose gel was transferred to a G E N E C L E A N ® SPIN Filter. Then 400 
of well mixed GENECLEAN® SPIN GLASSMILK were added onto the filter. Then 
it was heated at 55°C for 5 minutes. The spin filter was inverted every minute to 
prevent settling of matrix. The sample was then centrifuged at 13,000 x g for 1 
minute and the through-flow was discarded. Five-hundred fxl G E N E G L E A N ® SPIN 
N E W W A S H were added onto the filter and centrifugation at 13,000 x g for 30 
seconds. The go-through was discarded. These steps were repeated. The Catch Tube 
was emptied and centrifuged at 13,000 x g for 2 minutes to dry the pellet. The SPIN 
Filter was transferred to a fresh Catch Tube. Eight |il G E N E C L E A N ® SPIN Elution 
Solution (preheated to 65°C) were added onto the filter and GLASSMILK® was 
resuspended by gently pippetting up and down. Centrifugation was done at 13,000 x 
g for 30 seconds to elute the D N A to the Catch Tube. A second elution was done by 
using 4 G E N E C L E A N ® SPIN Elution Solution. After centrifugation, the SPIN 
Filter was discarded and the D N A in the solution was collected in the Catch Tube. 
The eluted D N A was stored at -20°C before used. 
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2.2.2.4 Cycle-sequencing 
A reaction mixture containing 1 \i\ 10 n M ITS 5 primer, 4 |il dRhodamine 
Terminator (PE Applied Biosystems, 403042), D N A template and ultrapure water 
(Millipore; Milli Q Academic water system, FBKM12707A) in a final volume of 10 
The thermal program was 25 cycles of 96°C for 30 s, 50°C for 30 s and 60°C for 1 
min with the use of thermal cycler PTC-IOOTM (MJ Research, Inc.). In order to 
confirm the identification, another • primer, ITS3 
(5'-GCATCGATGAAGAACGCAGC-3') (White et al., 1990; Cookson et al., 2000), 
was used for cycle-sequencing. Both sequencing results were used for molecular 
identification. 
2.2.2.5 Gel electrophoresis 
One III 3 M sodium acetate (pH 5.2) (Sigma, S-8625) and 25 |il 95% ethanol 
mixture were added into a 0.6 ml eppendorf tube. Ten jil cycle-sequencing product 
were added to the eppendorf tube and incubated in ice for 15 minutes for 
precipitation. The mixture was then centriftiged at 13,000 x g for 25 minutes. The 
supernatants were discarded and 180 \i\ 70% ethanol (HPLC grade) were added to 
the eppendorf tube. The samples were mixed by vortex and centrifuged at 13,000 x g 
for 20 minutes. The supernatant was discarded and the pellet was vacuum dried for 5 
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minutes. Then 12 [d Hi-dye Formamide (Applied Biosystem, 4311320) were added. 
The samples were mixed by vortex and then centrifuged. The mixture was then 
denatured at 95°C for 2 minutes using a Programmable Thermal Controller (MJ 
Research, Inc., PTC-100™). Afterwards, the eppendorf tubes were placed in ice 
immediately to prevent the D N A strands from forming double strands again. The 
mixture was centrifuged and then was transferred to a template plate for sequence 
determination by an ABI Prism 3100 Genetic Analyzer (PE Biosystems). 
2.2.2.6 Gel electrophoresis 
The D N A sequence determined by the ABI Prism 3100 Genetic Analyzer was 
processed by the software Sequencing Analysis 3.7 (PE Biosystems). A sequence 
chromatogram would be generated. 
Then identification was then made by comparing the sequences with the 
nucleotide blast database (nucleotide collection (nr/nt)) in the web using Basic Local 
Alignment Search Tool (BLAST) (National Center for Biotechnology Information) 
(NCBI, http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). 
The identification was made by the bit score and the expect value (E-value). The 
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bit score indicates how good the alignment is. The score takes into account the 
similarity and identity of the alignment and also any gaps introduced to align the 
sequences; the higher the score, the better the alignment. The E-value indicates the 
number of hits one can "expect" to see by chance when searching a database of a 
particular size; the lower the E-value, or the closer it is to "0", the higher the 
"significance" of the match. The alignment with the highest bit score and the lowest 
E-value was selected. 
2.3 Determination of viable fungal abundance, species richness, 
species composition and species diversity 
2.3.1 Calculation of viable fungal abundance 
The sampling results were compiled by viable fungal abundance, species 
richness, species composition and species diversity. For the collector plate method, 
the viable fungal (mold and yeast) abundance was calculated and represented in 
cfu/hr with the following formula: 
Abundance (cfu/hr) = C/ T 
where C: the mold or yeast count on the plate (colony forming unit; cfu) 
T: sampling time (hr) 
For the collector with preservative method, the viable fungal (mold and yeast) 
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abundance was calculated and represented in cfu/hr with the following formula: 
Abundance (cfu/hr) = (C - D x R)/ T 
where C: the averaged mold or yeast count of the three plate replicates (cfu) 
D: the volume of preservative spread on the plate (ml) 
R: the volume of preservative remained in the collector after sampling (ml) 
T: sampling time (hr) 
For the portable biosampler and the stationary biosampler methods, the viable 
fungal (mold and yeast) abundance was calculated and represented in cfu/m^ with the 
following formula: 
Abundance (cfuW) = (C + D x R) / (T x 60 x F + L) 
where C: the average mold or yeast count of the three plate replicates (cfu) 
D: the volume of preservative spread on the plate (ml) 
R: the volume of preservative remained in the collector after sampling (ml) 
T: sampling time (hr) 
F: flow rate of the biosampler (liter per minute; 1pm) 
L: conversion factor from the unit "liter" to the unit "cubic meter", 0.001 
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2.3.2 Calculation of species number, relative abundance and species diversity 
The species number was calculated by the sum of the number of species 
identified in the samples. The relative abundance of each species was also noted. The 
abundance of a species refers to the number of colonies counted for a species. The 
non-culturable species were counted as "unknown" as the usual practice in similar 
studies (Chao et al., 2002). Then the relative abundance of a species was calculated 
as the ratio of the number of colonies of a particular species to the total number of 
colonies counted in the sample and expressed in percentage. 
Relative abundance of a species, R\ = Cspecies J Ctotai x 100% 
where: Cspecies i: the number of colonies of speices i 
Ctotai: the total number of colonies 
Similarly, the species diversity was calculated. The species diversity was 
determined by Simpson's diversity index (D) (Simpson, 1949; Tsai et al., 2007) and 
the relative Shannon-Weaver index (J) (Shannon & Weaver，1948; Kuhl et al., 1999; 
Tiquia et al., 2005). These two indices were calculated according to the formulas 
mentioned in section 1.5. 
4 4 
2.4 Sampling of airborne, soilborne and dustbome fungi 
Four sampling methods for airborne fungi were applied in the go-down of the 
mushroom cultivation complex in The Chinese University of Hong Kong (CUHK) 
and a storage room in a construction site office in Tsing Yi abandoned shipyard areas. 
Different sampling times were applied for the study when using the active sampling 
methods. Moreover, the two passive sampling methods for overnight collection were 
tested at the same time. In addition to the sampling with storage areas (areas with the 
least human activity), a survey of 4 sampling times in 2005 - 2006 on two 
construction workplaces with human activities was carried out. Both indoor and 
outdoor samplings were carried out. A portable air sampler was used to examine the 
outdoor environment while a passive method and an active stationary biosampler 
were used to study the indoor environment. Besides, the dusts from the 
air-conditioners in the construction site offices were collected for fungal analysis. 
2.4.1 Airborne fungal diversities of two storage areas sampled by four methods 
In this study, the four viable base sampling methods were tested in two locations: 
the mushroom house go-down in C U H K and the storage room in Tsing Yi. The 
mushroom house and the storage room in Tsing Yi were used for storage and hence 
few people would enter these rooms. During the study, no one entered the rooms. 
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Thus the results obtained suffered from the minimum disturbance from human 
activities. 
2.4.1.1 Description of the two sampling sites: mushroom house go-down in 
CUHK and the storage room in Tsing Yi 
The mushroom house in C U H K (Figure 2.10) had a gross floor area of 50 m^. It 
was an air-conditioned single-storey go-down. The room was used to store wheat, 
sawdust, straws and other plant materials, the raw materials for mushroom 
cultivation. The storage room in the construction workplace in Tsing Yi (Figure 2.11) 
had a gross floor area was 26 m^. It was also air-conditioned. During the test, the 
room was used for storing the laboratory equipment and miscellaneous items in the 
construction workplaces. The air-conditioners in the mushroom house and the 
storage room were switched on and there was no human activity in these rooms 
during the tests. 
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Figure 2.10 Mushroom house go-down Figure 2.11 Storage room in the 
in C U H K construction site office in Tsing Yi 
2.4.1.2 Sampling conditions of the four sampling methods in the two storage 
rooms 
The two passive sampling methods using a collector plate or a collector with 
preservative were carried out in parallel. Four sampling spots were selected in the 
mushroom house go-down and the storage room in Tsing Yi. The locations of the 
sampling spots were shown in Figures 2.12 & 2.13. “0” represents the sampling 
spots for the collectors. The collector plates and the collector with preservative were 
placed side by side (Wathes et al., 1997; Seixas et al., 2001; Tavora et al., 2003). The 
sampling time (the length of sampling) was 17 hours. After sampling, the numbers of 
viable molds and yeasts were counted and the species were identified according to 
section 2.1.3. 
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The two active sampling methods (the portable biosampler and the stationary 
biosampler) were performed in parallel. The inlets of the two biosamplers were 
placed side by side (Seixas et al., 2001). The locations of the sampling spots were 
shown in Figures 2.12 & 2.13. "X" represents the sampling spots for the inlets of the 
biosamplers. The effect of the sampling duration on the airborne fungi collected was 
focused. In the mushroom house go-down, six sampling durations (0.5, 1.5, 3, 4, 6 
and 8 hours) were tested. An additional time point of 17 hours was studied with the 
stationary biosampler. Three trials were done for each sampling time and each 
biosamplers. A new test tube with 1% glycerol and a new collector with 1% glycerol 
were used in each collection. In the storage room in Tsing Yi, five different sampling 
times (1.5, 3, 4, 6 and 8 hours) were tested. One trial was done for each biosamplers. 
After sampling, the viable molds and yeasts were counted and the species were 
identified according to section 2.1.4. 
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Figure 2.12 Locations of sampling spots for passive and active sampling methods in 









Figure 2.13 Locations of sampling spots for passive and active sampling methods in 
the storage room in Tsing Yi. 
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The studies were completed within four days in the mushroom house go-down 
and within two days in the storage room in Tsing Yi. The data from the passive and 
active sampling were used to calculate the viable fungal abundance, species richness, 
species composition and species diversity according to section 2.3. 
2.4.2 Airborne fungal surveys in two construction workplaces 
The viable airborne fungal (mold and yeast) surveys in two construction 
workplaces, are in Tsing Yi and one in Castle Peak Road, were carried out between 
Dec 2005 and Aug 2006. Totally, four collections (in Dec 2005, Mar 2006, Jun 2006; 
Jul 2006 for Castle Peak Road and Aug 2006 for Tsing Yi) were done for each 
construction workplace. The samples were collected by both passive (collectors with 
preservatives) and active sampling methods (stationary and portable biosamplers) in 
indoor and outdoor environments in the two construction workplaces. The 
contractor's site offices in the workplaces served as indoor environments and the 
open areas in front of the entrance of the site offices served as the outdoor 
environments. 
Temperature and relative humidity were measured in each sample collection as 
they were important to fungal growth (Hurst and Crawford, 2002). They were 
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measured by a hydrothermometer (Traceable Hygrometer S1930L). The indoor 
temperature and relative humidity were measured in the ground floor lobbies in the 
two construction site offices. The outdoor temperature and relative humidity were 
measured at positions 3 - 5 m away from the entrances of the site offices. 
2.4.2.1 Description of the construction workplaces in Tsing Yi and Castle Peak 
Road 
The location of the construction workplace in Tsing Yi was shown in Figure 
2.14. It was located in Northern Tsing Yi nearby the sea. The works in this 
construction site included the reclamation of contaminated soil by biopile and then 
cement solidification, the construction of a 500 m long seawall and the reclamation 
of a further 3.8 hectares of land. There was only little green area around the office in 
2003 - 2005 but half of the treated ground was hydroseeded in 2007. A construction 
site office (Figure 2.15) was built by the contractor (Gammon Construction Limited) 
for administrative works and for the workers to rest. A floor plan of the contractor's 
site office is shown in Figures 2.16a & b. Next to this contractor's site office, there 
was a 2-storey government office of similar size. The role was to supervise and 
monitor the contractor's work. 
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Figure 2.14 Location of the construction site office in Tsing Yi. 
(http://www.centamap.com/) 
Figure 2.15 Picture of the contractor's site office in Tsing Yi 
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Figure 2.16a Floor plan of the contractor's site office in Tsing Yi (G/F). 
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Figure 2.16b Floor plan of the contractor's site office in Tsing Yi (1/F). 
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Another construction workplace located in Castle Peak Road (Figure 2.17) was 
also sampled. It was located in Tai Lam nearby the sea. In this construction site, the 
works included road widening, road construction, seawall construction, slope 
stabilization, landscaping, street lighting and drainage. A site office (Figure 2.18) was 
also built by the contractor in this construction site and there was more vegetation or 
plants found in this office when compared with the office in Tsing Yi. Trees, grasses 
and sedges could be found at the back of the office. Figure 2.19a & b shows the floor 
plan of the construction site office. The details of the two offices are compared in 
Table 2.2. 
'n r ^^pcn n^ \ \ \ 
\ 修 ， 拳 \ ； ； ！ 
I \ \ � V \ £ / / ； i 
^ < . \ � v ' \ \ \ \ 
• ！^ 
Construction Site in Castle Peak Road ^ 
(c) Survey and ^tapping Office. Lands Department. Copyright reserved - reproduction by permission only. 
Figure 2.17 Location of the construction site office in Castle Peak Road 
(http://www.centamap.com/) 
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Figure 2.18 Picture of the construction site office in Castle Peak Road. 
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Figure 2.19a Floor plan of the construction site office in Castle Peak Road (G/F). 
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Figure 2.19b Floor plan of the construction site office in Castle Peak Road (1/F). 
Table 2.2 Comparison between the contractor's site offices in Tsing Yi and Castle 
Peak Road. 
Item Tsing Yi Castle Peak Road 
Gross floor area (m^) 240 374 
Number of storey 2 2 
Construction method Container Pre-fabricated & container 
Year built ^ 2004 
Air-conditioning Window & Split types; Window & Split types; 
systems At least one At least one 
air-conditioner was air-conditioner was 
installed in each room. installed in each room. 
Number of occupants 20 100 - 140 
Activities Administration; Administration; 
Paper work; meeting, Paper work; meeting, 
pantry for drinks and food, pantry for drinks and food. 
Remarks Green roof was installed -
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2.4.2.2 Sampling conditions for airborne fungi in the two construction 
workplaces 
The collectors with preservative were used for the passive sampling method. 
For indoor sampling, 12 and 17 sampling points were set in the offices in Tsing Yi 
and Castle Peak Road respectively. The sampling points included conference room, 
secretary rooms, toilets, pantries and lobbies. For outdoor sampling, the collectors 
were stuck to the wall near the entrances of the site offices or other positions around 
the site offices. In each sampling, 1 to 3 and 2 to 3 sampling points were set in the 
offices in Tsing Yi and Castle Peak Road respectively. 
Samples were collected for 17-hour period (usually from 17:00 on the first day 
to 10:00 on the second day). Afterwards, the viable mold and yeast counts and the 
identification of the fungal species were determined. 
The stationary biosampler was used to collect samples in indoor environments 
while the portable biosampler was used to collect the samples at outdoor 
environments. For the indoor samplings, two sampling spots were selected. The inlet 
of the stationary biosampler was set at about 0.5 m in height. Any obstructions within 
3 meters in front of the inlet were removed during the operation of the biosampler. 
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Usually, a 17-hour period sample (from 17:00 on the first day to 10:00 on the second 
day) was collected. In each fungal survey, two indoor samples were collected in each 
construction workplace. 
For the outdoor sampling, the portable biosampler was used to collect samples 
at 3 - 5 m away from the entrance (Grinshpun et al., 2006). Two sampling spots were 
selected. The inlet was set at about 1.5 m in height. Usually, a 10-mintue sample was 
collected. In each fungal survey, two outdoor samples were collected in each 
construction workplace. After sampling, the viable mold and yeast counts and the 
identification of fungal species were determined. 
2.4.2.3 Determination of viable fungal abundance, species richness, species 
composition and species diversity in the two construction workplaces 
For both passive and active sampling methods, after determining the viable 
count and identifying the fungal species, calculations of the fungal abundance, 
species number, species composition and biodiversity in the two construction 
workplaces were determined. Also, the abundance of the indoor and outdoor airborne 
fungi was compared using the indoor to outdoor (I/O) ratios (Shelton et al., 2002). 
I/O ratio = U-J Mo 
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where Mi: the mean value of the viable indoor mold, yeast or fungal abundances 
Mo： the mean value of the viable outdoor mold, yeast or fungal abundances 
2.4.3 Determination of the airborne fungal communities of the contractor site 
office with a green roof and the neighboring government office 
In the construction site in Tsing Yi, there were two site offices (contractor site 
office and the government office). Since they were located nearby, it was assumed 
that the environmental factors of these two offices were the same or highly similar. 
The contractor's site office was installed with a green roof (Figure 2.20) while the 
government office had a false roof painted in blue (Figure 2.21). The government 
office which was installed and provided by the contractor also had two storey built 
with prefabricated containers. It was air-conditioned using window-type 
air-conditioners and its gross floor area was about 300 m^. 
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• 
Figure 2.20 A green roof installed on the contractor's construction site office. 
• 
Figure 2.21 A roof painted in blue installed on the government's site office. 
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2.4.3.1 Sampling of airborne fungi from a green roof, the indoor environment of 
the contractor site office with a green roof and the neighboring government site 
office 
The airborne fungal communities in the indoor environment of the contractor 
site office and the government office were assessed in parallel in Mar 2006. The 
contractor site office and the green roof were assessed in parallel in Dec 2005. The 
assessments of the airborne fungi were done by the passive sampling method using 
collectors with preservative. Four sampling points were selected in each office and 
on the roof. After sampling, the mold and yeast abundances and the fungal 
composition were determined as described in section 2.1.2. 
2.4.3.2 Sampling of soilborne fungi and determination of soil properties of the 
green roof 
For the green roof, the soil-bome fungal abundance and the soil properties 
which affect soil-bome fungal population were determined. This study will 
investigate whether the soil is the reservoir for airborne fungi. Ten replicates of soil 
(growing substrate) samples were collected from the roof. The total carbon, total 
hydrogen, total nitrogen, total sulphur, soil texture, total phosphate, available 
nitrogen, available phosphate, potassium content, soil moisture, soil pH and soil 
62 
conductivity were determined. Besides, the abundances of soil microbes, total 
bacteria, total fungi and nitrogen-fixing bacteria, were analyzed. The data were 
presented in Mean 土 S.D of 10 replicates. 
2.4.3.2.1 Determination of microbial counts 
One gram of fresh soil was added to a sterilized test tube. Nine ml autoclaved 
0.9% NaCl were added to the tube and mixed. A serial dilution was performed (10'^  
to 10"^  dilutions). One-tenth ml of each dilution was spread on Luria Broth (LB) plate 
(Difco, 244520) (ingredients: 10 g tryptone, 5 g yeast extract, 10 g sodium chloride 
and 15 g agar) to determine the viable bacterial count. And 0.1 ml of each dilution 
was spread on a P D A plate to determine the viable fungal count. Another 0.1 ml of 
each dilution was spread on a selective media (10.0 g glucose, 0.2 g NaCl, 0.2 g 
MgS04-7H20, 0.5 g K 2 H P O 4 , 2 drops of 1% FeCb and 1% M n C b solution, 1%, 5 ml 
Congo Red solution, 20 g agar, 1.0 L distilled water, pH 7.0) (Wu et al., 2006) for the 
nitrogen-fixing bacteria to determine the viable count. Three replicates were done for 
each sample. The plates were incubated at room temperature for 2, 5 and 10 days for 
bacteria, fungi and nitrogen-fixing bacteria, respectively. After incubation, the 
numbers of colonies on the plates were counted. Only the dilutions with colony 
number within an acceptable range (30 - 200) were used to calculate the result. The 
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result was presented in colony forming unit per gram of oven dried soil (cfu/g). 
Abundance (cfti/g) = (C - S x V) / W 
where C: the average fungi, bacteria or nitrogen fixing bacteria count of the three 
plate replicates (cfu) 
S: the volume of sample spread on the P D A (ml) 
V: the volume of sample inside the eppendorf (ml) 
W: the weight of soil samples used (g) 
2.4.3.2.2 Determination of the aerial biomass of plants 
One-hundred cm soil block including the soil surface and the plant surface 
were cut out from the green roof. The aerial parts of the plants were transferred a 105 
°C oven for 48 hours to dry up all water. After that, the dried weight of the aerial 
parts of the plants were determined. The result was presented in weight of dry 
biomass of aerial part of plants per area of the soil block (g/ cm^). 
2.4.3.2.3 Determination of soil carbon, hydrogen, nitrogen and sulfur (CHNS) 
contents 
About two mg of air-dried 0.2 m m sieved soil were weighted and wrapped in 
aluminum foil. The total contents of carbon, hydrogen, nitrogen and sulphur in the 
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samples were determined by a C H N S analyzer (PerkinElmer; Series II CHNS/0 
Analyzer 2400). The contents were shown as percentage. 
2.4.3.2.4 Analysis of soil texture 
The soil was peat moss-based with stones and sieved soil (< 2 m m in particle 
size). The texture of the sieved soil was analyzed by the Bouyoucos hydrometer 
method (Chan, 2005). Fifty grams of air-dried 2 m m sieved soil sample were 
weighed and added into a container of a high-speed stirrer. Twenty-five ml of 5% 
(w/v) Calgon (sodium hexametaphosphate) solution and 400 ml of tap water were 
added. Then, the mixture was stirred for 15 minutes and then transferred to a 1 L 
cylinder. Tap water was added to give a final volume of one L. Then, a paddle was 
used to stir for a minute. The readings from Bouyoucos soil hydrometer and the 
temperature were taken at 4 minutes 48 seconds (R4min4sec) (for silt and clay contents) 
and 5 hours (Rshr) (for clay content). When recording the readings, 0.3 unit was 
added for every degree above 19.5°C. The percentage (%) of the sand, silt and clay 
content were calculated by the following formulas. The textural class was determined 
according to the classification of International Society of Soil Science 
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% of sand = 100% - [(R4min4sec 丨 W ) X 100%] 
% of clay = ( R s h r / W ) x 100% 
o/o of silt = 100% - (o/o of sand + % of clay) 
where R4min4sec: reading recorded at 4 minutes 48 seconds 
Rshr： reading recorded at 5 hours 
W: the weight of soil used (50 g) 
2.4.3.2.5 Determination of total phosphorus content 
Five grams of air-dried 0.2 m m sieved soil were weighed into a digestion tube. 
Five ml 69% nitric acid, one ml 37% hydrochloric acid and 0.5 ml 98% sulphuric 
acid were added (Chan, 2005). The samples were heated in a digestion block (VELP 
D K 42/26) at 160°C for 1 hour and then at 380°C for 2 hours. Ten ml ultrapure water 
(Millipore; Milli Q Academic water system, FBKM12707A) were added to the 
digestion tube after cooling down. Then the liquid was filtered through a Whatman 
no. 1 filter paper and diluted to 50 ml in a 50 ml volumetric flask by ultrapure water 
(Millipore; Milli Q Academic water system, FBKM12707A) (Chiu et al., 2005). The 
total phosphorus content was determined by a San++ Automated Wet Chemistry 
Analyzer (AIA) (Skalar). The content was expressed in mg/kg. 
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2.4.3.2.6 Determination of available nitrogen and phosphorus contents 
For determination of available nitrogen, five g of air-dried 0.2 m m sieved soil 
were mixed with 25 ml 2 M potassium chloride (KCl) in a 100 ml conical flask 
(Chan, 2005). For determination of available phosphorus, 0.5 g of air-dried 0.2 m m 
sieved soil and 50 ml Troug's reagent (ammonium sulphate buffer; (NH4)2S04 buffer, 
pH 3.0) were mixed in a 100 ml conical flask. These mixtures were then shaken at 
180 rpm for 15 minutes and filtered through a Whatman no. 1 filter paper (Chiu et al., 
2005). The available nitrogen and phosphorus contents were measured by an AIA. 
The content was expressed in mg/kg. 
2.4.3.2.7 Determination of potassium content 
One gram of air-dried 0.2 m m sieved soil was put into a digestion tube and five 
ml 69% nitric acid were added. The mixture was heated for 4 hours at 125°C by a 
digestion block (VELP D K 42/26). Ten ml ultrapure water (Millipore; Milli Q 
Academic water system, FBKM12707A) were added to the digestion tube after 
cooling down. Then the liquid was filtered through a Whatman no. 1 filter paper and 
diluted to 50 ml in a 50 ml volumetric flask by ultrapure water (Millipore; Milli Q 
Academic water system, FBKM12707A) (Chiu et al., 2005). The potassium 
content was determined by an atomic absorption spectrophotometer (AAS) 
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(Polarized Zeeman Z-8100 A AS, Hitachi). The content was expressed in mg/kg. 
2.4.3.2.8 Determination of soil moisture 
About 10 g of fresh soil sample were added into a pre-weighed aluminum cup. 
Then the fresh weight was determined. After that, it was put in a 105°C oven for 48 
hours to dry up all water. The dried soil was weighed again, and the water content 
could be calculated by the mass decreased. 
2.4.3.2.9 Determination of soil pH and soil electrical conductivity 
Ten grams of air-dried soil sample were weighted in a 50 ml conical flask. Then 
25 ml ultra-pure water (Millipore; Milli Q Academic water system, FBKM12707A) 
were added and shaken at 200 rpm for 30 minutes. Afterwards, the mixture was 
filtered through a Whatman no.l filter paper. A pH electrode connected to an Orion 
410A+ pH meter was used to measure the pH value of the liquid sample. Also the 
electrical conductivity was measured by a Jenway Conductivity & pH Meter (4330, 
Jenway). 
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2.4.4 Dustborne fungi and the properties of the dusts collected from the 
air-conditioners of the construction workplaces 
Dust samples settled on the filters of the air-conditioners in the construction site 
offices were collected. The first collection was done in September 2006. This batch 
of dust samples had been accumulated in the air-conditioners for seven months. After 
collection, the air-conditioners were cleaned using running water by me and air-dried. 
The second collection was done in Dec 2006. Hence, the dusts had been accumulated 
for three months since the first collection. And the third collection of dust samples 
from the government site office was carried out in March 2007. The fungal 
abundances of all the dust samples were determined. 
The dusrt sample was collected by using a new tooth brush that transferred the 
dust particles from the filter to a piece of clean paper. All dust particles on the filter 
was brushed to the paper. Then, the paper was wrapped to enclose the dust particles. 
The dust samples were stored at 4°C before use. After collection, the filters of the 
air-conditioner were cleaned with running water and rubbed dry. 
2.4.4.1 Determination of viable dustborne fungal population 
Spread plate method was used to determine the dustborne fungal abundance. 
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Aseptic techniques were practiced. Fifty mg of dusts were weighted and transferred 
into an autoclaved 1.5 ml eppendorf tube and one ml of autoclaved 0.9% NaCl was 
added. Then, the mixture was vortexed for 3 minutes. Afterwards, 0.1 ml sample was 
spread on a P D A plate. Each dust sample was spread on three agar plates (three 
replicates). The plates were incubated at room temperature for 5 days. Then the 
viable fungal count was determined, and the relative abundances of the three most 
common mold genera were determined. The abundance was calculated from the three 
replicates and was presented in cfu/g. 
Abundance (cfu/g) = (C +S x V) / W 
where C: the average mold or yeast count of the three plate replicates (cfu) 
S: the volume of sample spread on the P D A (ml) 
V: the volume of sample inside the eppendorf (ml) 
W: the weight of dust samples used (g) 
2.4.4.2 Composition analysis and toxicities of the air-conditioner dust samples 
Beside fungal abundance, mycotoxin contents, organic volatile profiles by gas 
chromatography-mass spectrometry (GC-MS) and the cytotoxicities of the dust 
samples were determined to identify any health hazards on human 
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2.4.4.2.1 Determination o\f the contents of three mycotoxins by ELISA: aflatoxins, 
deoxynivalenol and ochratoxins 
The aflatoxins content in the dust samples was determined by a commercial 
mycotoxin detection kit AgraQuant® Aflatoxin Assay 2/40 (Romer Labs®, 
COKAQIOOO, http://www.romerlabs.com/). In brief, 10 mg dust sample were 
weighed and transferred into a 1.5 ml eppendorf tube. One-hundred \i\ 70% methanol 
were added into the tube and vortex mixed for 3 minutes. The tube was centrifuged at 
10 000 rpm for 3 minutes. Forty jil supernatant were transferred into a dilution well 
of Dilution Strip provided by the kit. Forty \i\ of each standard (0，4, 10，20 and 40 
ppb aflatoxin) were added to 5 dilution wells respectively. Eighty |j.l conjugate were 
added to each dilution well and mixed by pippetting up and down. One-hundred |xl of 
the content from each dilution well were transferred into a corresponding Antibody 
Coated Micro well. After 10 minutes incubation at room temperature, the content of 
the microwell was emptied. The microwell was washed by filling distilled water and 
then dumping the water from the microwell. This washing step was repeated for 4 
times more. The residual water was expelled by tapping on paper towels. The bottom 
of the microwell was also dried by using paper towel. One-hundred i^l Substrate 
solution provided by the kit were added to each microwell. After 5 minutes 
incubation at room temperature, 100 |il Stop solution provided by the kit were added 
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to each well. O D readings at 450 nm for each microwell were measured by a 
spectrophotometer (Milton Roy SP3000). The O D readings from the 5 standards 
were used to plot a standard curve that could be used to calculate the aflatoxin 
concentrations in the samples. Two replicates were done for each dust samples. The 
result was presented in mean value. 
The deoxynivalenol in dust samples was determined by a commercial 
mycotoxins detection kit AgraQuant® Deoxynivalenol Assay 2/40 (Romer Labs®, 
COKAQllOO, http://www.romerlabs.com/). The procedures were similar with those 
of the aflatoxins, except the incubation time after adding the mixture to the Antibody 
Coated Microwell was changed from 10 minutes to 15 minutes. A series of 
deoxynivalenol standards with different concentrations (0, 0.25, 1，2 and 5 ppm) was 
prepared. 
The ochratoxins in dust samples was determined by a commercial mycotoxins 
detection kit AgraQuant⑧ Ochratoxin Assay 2/40 (Romer Labs®, COKAQ2000, 
http://www.romerlabs.com/). The procedures were similar with those of the 
aflatoxins. A series of ochratoxin standards with different concentrations (0, 2, 5, 10， 
20 and 40 ppb) was prepared. 
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2.4.4.2.2 Determination of mycotoxin citrinin and volatile organic profiles by the gas 
chromatographv-mass spectrometry (GC-MS) 
Chloroform (analytical grade) was used to extract the citrinin and other organic 
components in dust samples for GC-MS analysis (Lin & Shu, 2002). Ten mg dust 
sample were weighted and transferred into a 50 ml screw-cap tube. Ten ml 
chloroform were added and then shaken for 2 hours. The extraction was repeated 
with another 10 ml chloroform, and extraction was done for another 2 hours. The 
extracts were pooled and transferred to a 50 ml round bottom flask and dried by a 
rotary evaporator (BUCHI Rotavapor R-114 and BUCHI Waterbath B-480). One ml 
acetone (HPLC grade) was used to redissolve the residue. The acetone was filtered 
with a 0.45 ^ im filter (Acrodisc syringe filters 4CR PTFE) and kept at -2(rC before 
gas chromatography-mass spectrometry (GC-MS) analysis. The citrinin was detected 
by selected ion monitoring (SIM) mode with the selected fragmentation (m/z of 220, 
205, 177, 105 and 91) at retention time 15.15 minute (Lin & Shu, 2002). The citrinin 
contents in the dusts were quantified by using the 10，50 and 100 ppm citrinin 
standards as references. The organic profiles were also determined by scan mode. 
The identification of the organic components was done by the database, Mass 
Spectral Library, NIST05. 
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Separation of sample components was performed on a 0.25 m m (i.d.) x 30 m 
HP-1 methyl siloxane capillary column coated with a 0.25 [im film (Hewlett Packard 
HP19091Z-413). The conditions and temperature profiles of GC-MS for the 
determination of the organic profiles and citrinin content are listed in Tables 2.3, 2.4 
and 2.5. 
Table 2.3 Conditions of GC-MSD for the determination of citrinin content and 
volatile organic profiles. 
Parameter Condition 
Carrier gas High purity helium 
Column flow rate 2 ml/minute 
Column pressure 122.2 kPa 
Oven temperature 60°C 
Oven equilibrium time 1.5 minutes 
Injection temperature 250°C 
Interface temperature 250°C 
Final temperature 300°C 
Ramp temperature 8°C /minute 
Hold time 10 minutes 
Split mode Splitless 
Solvent cut 3 minutes 
Table 2.4 Temperature profile of GC-MS for the determination of citrinin content. 
Rate Temperature Hold time Run time 
Oven situation 
(°C /min) (°C) (min) (min) 
Initial / 10 ^ 3.0 
Ramp 9.0 19.5 
Post run / 70 0.5 20.0 
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Table 2.5 Temperature profile of GC-MS for the determination of volatile organic 
profiles. 
Rate Temperature Hold time Run time 
Oven situation 
(°C /min) (°C) (min) 
Initial / ^ 1.5 
Ramp 6 300 5.0 46.5 
Post run / 60 0.5 47.0 
2.4.4.2.3 Determination of cytotoxicities of the dust samples 
The dusts were extracted by absolute ethanol, and the toxicities of the dust 
extracts on two human cancer cell lines were tested by the trypan blue cell viability 
assay (Bullerman & Cetin, 2005; Tiemann et al., 2002). About 50 mg dust sample 
were weighed into a 25 ml conical flask. Five ml ethanol (HPLC grade) were added 
and shaken for 2 hours (Klaus et al, 2004). The extract was then filtered by a 0.45 |im 
filter (Acrodisc syringe filters 4CR PTFE) and stored at -20°C before use. The 
extracts were filter-sterilized before diluted with ethanol or added to the cells. Each 
dust extract was assessed in two concentrations: high dose (original extract; 10 mg 
dust/mL ethanol) and low dose (100 fold dilution of the original extract; 0.1 mg dust/ 
m L ethanol). 
2.4.4.2.3.1 Cell lines and culture conditions 
Two human cell lines, namely: NCI HI299 (human lung cancer cell line) and 
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MCF-7 (human breast cancer cell line), were used in the assays. The cells were 
maintained in RPMI Medium 1640 (Gibco BRL, cat. 11875-036) supplemented with 
2 g sodium bicarbonate per L medium and 10% fetal bovine serum (FBS) (Gem Cell, 
cat. 100-500) in a humidified incubator at 37°C and 5% CO2. Cells were cultured in 
tissue culture flask (IWAKI, 3113-025) before use. 
2.4.4.2.3.2 Growth curves of the cell lines 
For MCF-7 and NCI HI299 cells, the medium was removed and PBS (pH 7.4; 
15.9892 g NaCl, 0.3728 g KCl, 0.2848 g NaaHPC^，0.4002 g K H 2 P O 4 in 2 liters 
ultrapure water (Millipore; Milli Q Academic water system, FBKM12707A)) was 
used to rinse the bottom of the flask to remove the dead cells. Afterwards, one ml of 
1% trypsin-EDTA was added and left for 5 minutes. The cells were then detached 
from the bottom of the flask. One ml RPMI was added to the flask and they were 
transferred to a 50 ml falcon tube. Centrifugation was done at 10,000 x g for 3 
minutes. Then the supernatant was removed and the cells were resuspended in RPMI 
and counted with a haemocytometer. Then the cells were seeded into 96-well plates 
(IWAKI, 3860-096) at a density of 4 x 10^ cells in 100 RPMI per well and 
incubated at 37°C and 5% CO2 for one day. Afterwards, the viable cell count was 
determined daily for 6 days. The viable cell count was determined by trypan blue cell 
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viability assay (Bullerman & Cetin, 2005; Tiemann et al., 2002). Firstly, 50 ^ il 1% 
trypsin-EDTA and 50 |il trypan blue solution (Sigma, T8154) were added. Then, the 
viable cell number was counted by a haemocytometer (Bullerman & Cetin, 2005) 
under a microscopes (Nikon; EClipse 80i). The viable cell numbers were used to plot 
a growth curve shown in mean 土 S.D of five replicates. 
2.4.4.2.3.3 Determination of the cytotoxicities of the dust extracts 
After one day incubation at 37°C and 5 % CO2 at a density of 4 x 10^ cells per 
well in 96-well plate (IWAKI, 3860-096)，100 new medium with 0.1% ofethanol 
(negative control) or dust extract, were added to a well. Five replicates were done for 
each treatment. After 72 hours incubation for NCI HI299 cells and 96 hours 
incubation for MCF-7 cells at 37°C and 5 % CO2, the assay was terminated by 
removing media from the well. Afterwards, the number of viable cells was counted, 
and the mean 土 S.D. was calculated from the five replicates. The cytotoxicity of the 
dust extracts was assessed by comparing the viable cell numbers in the negative 
control of the treated samples. 
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3. Result 
3.1 Airborne fungi in the workplaces 
3.1.1 Biodiversity of airborne fungi in the two storage rooms collected by four 
sampling methods 
Four sampling methods were used to collect the airborne fungi in the go-down 
of the mushroom house in C U H K and the storage room in the contractor's site office 
in Tsing Yi. No one had entered these rooms during the studies. The viable fungal 
abundances, the species richness, the species compositions and the species diversities 
collected by the four sampling methods were compared. 
3.1.1.1 Biodiversity of airborne fungi in the two storage rooms collectedthe 
passive sampling methods 
The two passive sampling methods used were the collector plate and the 
collector with preservative. Four sampling spots were selected for each passive 
sampling method in each storage room. The sampling time was 17 hours. 
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3.1.1.1.1 Abundance of airborne fungi in the two storage rooms collected by the 
passive sampling methods 
The viable fungal (mold and yeast) abundances collected from the mushroom 
house go-down are presented in Table 3.1 for the mushroom house go-down and that 
of the storage room in Tsing Yi are shown in Table 3.2. The abundances were shown 
in colony forming unit per hour (cfU/hr). 
Table 3.1 Abundances of viable fungi (mold and yeast) collected by the passive 
sampling methods in the Mushroom house go-down. 
Sampling Mold Yeast Fungi 
spot (cfti/hr) (cfti/hr) (cfii/hr) 
1 0 185 
…， .， . 2 1090 0 1 0 % 
Collector with preservative 
3 ^ 0 35 
4 ^ 137 380 
1 M 0 61 
2 15 0 15 
Collector plate 
3 1 0 1 
4 1 0 1 
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Table 3.2 Abundances of viable fungi (mold and yeast) collected by the passive 
sampling methods in the storage room at Tsing Yi. 
Sampling Mold Yeast Fungi 
spot (cfu/hr) (cfu/hr) (cfu/hr) 
1 2 2 4 
2 2 4 6 
Collector with preservative 
3 1 6 7 
4 1 44 45 
1 1 0 1 
2 1 1 2 
Collector plate 
3 1 0 1 
4 1 0 1 
Table 3.1 shows that the abundances of mold and yeast at the four sampling 
spots in the same room (the mushroom house go-down) varied. The fungal 
abundances of the collector with preservative ranged from 35 to 1,090 cfu/hr and that 
of the collector plate ranged from 1 to 61 cfu/hr. The fungal abundances collected by 
the collector with preservative were 10 fold higher than the collector plate. Yeast was 
only collected at sampling spot 4 by the collector with preservative (Table 3.1). 
Table 3.2 shows that the abundances of the four sampling spots at Tsing Yi also 
varied. The fungal abundances of the collectors with preservative ranged from 4 to 
45 cfu/hr and that of the collector plates were 1 cfu/hr at the four sampling spots. The 
collectors with preservative had 5 to 10 fold more fungal abundances than the 
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collector plates. For the mold abundances, the collectors with preservative also had 2 
fold higher than the collector plates. From these results, the collectors with 
preservative collected more yeasts (2 - 44 cfu/hr) than the collector plates (0-1 
cfu/hr). Yeasts were found in all sampling spots for the collector with preservative 
while yeasts were found in only two sampling spots for the collector plates. The 
results from the two storage rooms showed that the collector with preservative could 
collect more airborne mold and yeasts than the collector plate. 
3.1.1.1.2 Species richness and composition of airborne fiingi in the two storage 
rooms collected by the passive sampling methods 
In analyzing the species richness, the numbers of species collected were used. 
The relative abundance of each species was also calculated by averaging the data 
from the four sampling spots. The airborne fungal species collected in the go-down 
of the mushroom house and the storage room in Tsing Yi are presented in Tables 3.3 
and 3.4 respectively. The relative abundances were presented in percentage and since 
the relative abundances of some species were small (< 0.1%), two decimal places 
were presented. 
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Table 3.3 Relative abundance (%) of the airborne flingal species in the Mushroom 




(u Aspergillus ochraceus 0.00 0.08 
§ Aureobasidium pullulans 0.03 0.00 
^ ^ Cladosporium cladosporioides 1.01 99.38 
w ^ Penicillium expansum 48.19 0.35 
^ Rhodotorula mucilaginosa" 2.16 0.00 
^ Trichoderma harzianum 48.61 0.19 
Total count (cfu/hr) 1,690 76 
a: This is a yeast. 
Table 3.3 shows the relative abundance of each species collected in the 
mushroom house go-down. The collector with preservative collected five different 
species which was more than that of the collector plate. In Table 3.3, the dominant 
species found in the collector with preservative were Trichoderma harzianum (with 
relative abundance = 49%) and Penicillium expansum (with relative abundance = 
48%). In the collector plate, the fungal community was dominated by one species 
only. It was Cladosporium cladosporioides (with relative abundance = 99%). These 
three species are common airborne mold (Samson, 2005). In the collector plate, 
although there were three other species, the sum of their relative abundances was 
small (< 1%). Besides, one yeast species, Rhodotorula mucilaginosa, was only 
collected by the collector with preservative. Two species, namely: Aureobasidium 
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pullulans and Rhodotorula mucilaginosa, were only collected by the collector with 
preservative but not by the collector plate. One species, Aspergillus ochraceus, was 
collected by the collector plate but not by the collector with preservative. 
Table 3.4 Relative abundance (%) of the airborne fungal species in the Tsing Yi 




Aspergillus niger 1.59 29.03 
Aureobasidium pullulans 1.59 1.61 
^ Cladosporium cladosporioides 1.59 14.52 
二 Cladosporium herbarum 0.00 3.23 
o 
U Cryptococcus laurentif 25.38 0.00 
2 
口 Penicillium aurantiogriseum 0.00 1.60 
w Penicillium expansum 1.59 3.23 
§ Phanerochaete sordida^ 0.00 6.45 
a 
^ Rhodotorula glutinis" 65.08 27.42 
Schizophyllum commune^ 1.59 3.23 
Trichoderma harzianum 1.59 9.68 
Total count (cfu/hr) 62 4 
a: This is a yeast, b: this is a basidiomycete. 
In Table 3.4，the relative abundances of each species collected in the storage 
room in Tsing Yi were shown. The number of species found by the collectors with 
preservative was 8 which was lower than that found by the collector plate, 10 species. 
This finding did not match with the result found in the mushroom house go-down 
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(Table 3.3). For the species composition, most of the species found were common 
indoor airborne fungi, except Phanerochaete sordida and Schizophyllum commune 
which were basidiomycetes and were usually found in open wild areas. The 
dominant species found by the collector with preservative was Rhodotorula glutinis 
(relative abundance = 65%) which was a common airborne yeast. And that found by 
the collector plate was Aspergillus niger (relative abundance = 29%) which was a 
common airborne mold. The collector with preservative could collect two different 
yeast species {Cryptococcus laurentii and R. glutinis) while the collector plate could 
only collect one yeast species {R. glutinis). However, three species were found by the 
collector plate but not by the collector with preservative, they were Cladosporium 
herbarum, Penicillium aurantiogriseum and Phanerochaete sordida. 
The results in Tables 3.3 & 3.4 show that the airborne fungal composition varies 
in the different sites and with the sampling methods used. The collectors with 
preservative collected more yeast than the collector plates. The collector with 
preservative was good at collecting both mold and yeasts. 
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In Table 3.5, the two diversity indices for the mushroom house go-down were 
shown. The collector with preservative had a higher relative Shannon-Weaver index 
(0.52) and a lower Simpson's index (0.46) than the collector plate (relative Shannon 
Weaver index = 0.03, Simpson's diversity index = 0.99). Both of the indices showed 
that the collector with preservative could collect a higher species diversity than the 
collector agar. For the collector plate, the relative Shannon Weaver index (0.03) and 
the Simpson's diversity index (0.99) show that the collector plate had an extremely 
low diversity. It was because the fungus Cladosporium cladosporioides occupied 
over 99% abundance in the samples (Table 3.3). 
Table 3.6 shows the relative Shannon-Weaver index and the Simpson's diversity 
index found in the storage room in Tsing Yi. The collector plate had a higher relative 
Shannon-Weaver index (0.81) and a lower Simpson's diversity index (0.19) than the 
collector with preservative (relative Shannon-Weaver index = 0.49 and Simpson's 
diversity index = 0.48). Both diversity indices indicated that the species diversity was 
higher in the collector plate than in the collector with preservative. It was because in 
the samples of the collector with preservative, there were two yeast species, 
Cryptococcus laurentii and Rhodotorula glutinis, which occupied a large proportion 
of the fungal counts (Table 3.4). The sum of their relative abundances was about 90%. 
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The results in Tables 3.5 and 3.6, showed that the species diversity would be affected 
by the relative abundance of the dominant species in the samples. 
3.1.1.2 Biodiversity of airborne fungi in the two storage rooms collected by the 
active sampling methods 
The two active sampling methods used a portable biosampler and a stationary 
biosampler. In the go-down of the mushroom house, samples were collected for 0.5, 
1.5, 3，4, 6 or 8 hours and the stationary biosampler had an extra sampling period, 17 
hours, to serve as an overnight collection. For each biosamplers, three trials were 
done for each sampling times. The study was completed within six days. Totally, 
there were 39 samples (21 samples were from the stationary biosampler and 18 
samples were from the portable biosampler). In the storage room in Tsing Yi, the 
sampling times tested were 1.5, 3，4，6 and 8 hours. One trial was done for each 
sampling time. It was completed within two days. Totally, there were 10 samples (5 
from stationary biosampler and 5 from portable biosampler). 
3.1.1.2.1 Abundance of airborne fungi in the two storage rooms collected by the 
active sampling methods 
The viable mold, yeast and fungal abundances were presented in colony 
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forming unit per cubic meter of air (cfu/m^ ). The abundances of the mold, the yeast 
and the fungi found in the mushroom house go-down were presented in Figures 3.1 -
3.6. The fungal abundances found in the storage room in Tsing Yi were presented in 
Figure 3.7. 
3.1.1.2.1.1 Abundances of airborne fungi in the mushroom house go-down collected 
by the active sampling methods 
Figures 3.1 shows the scatter plots of the mold abundances collected by the 
stationary biosampler and Figure 3.2 shows the scatter plots of the mold abundances 
collected by the portable biosampler. The abundances of the mold ranged from 
4,444 - 53,981 c f u W and 833 - 17,778 cfu/m^ for the stationary biosampler (Figure 
3.1) and the portable biosampler (Figure 3.2) respectively. For the mold collected by 
the stationary biosampler (Figure 3.1), the three trials had similar pattern. They had 
the lowest mold abundance at 0.5 hour (8,889 cfu/m^). Then, the mold abundances 
increased with sampling time and had the highest (42,593 - 53,981 cfu/m^) value at 3 
hours. Afterwards, the values decreased gently until 8 hours. After that, the 
abundance increased slightly when the sampling time was prolonged to 17 hours. 
The samples collected by the portable biosampler (Figure 3.2) had lower mold 
abundances than the stationary biosampler collected. The patterns of the graphs were 
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also different from the stationary biosampler. For the samples collected by the 
portable biosampler, the mold abundance had the highest at 0.5 hour in the trial 
(17,778 c f u W ) and 1.5 hours in the trial (10,185 cfuW) and trial (11,111 
cfu/m^). Afterwards, the abundance decreased when the sampling time was 
prolonged and the lowest abundances (833 — 1,944 cfii/m^ ) were found at 6 or 8 
hours. The mold abundance decreased with the sampling time increased. 
Mold abundance collected by the stationary biosampler 
;• Stationary (Trial 1): 
70 _ Stationary (Trial 2) | 
60 L • Stationary (Trial 3): 
• 
I fe 50 - • - ——- 一 
1 o E • 
I :s40 a 
C 3 
•^》 瘦 • • 
-O O OA 9 • 
I 8 S 8 4 • — • A 
w / ^ r t _ — 
ZU — 一 ‘ 
i 
1 0 … 舊 — ！ 
！ 
• 
Q 1 1 1 1 1 I I I 
0 2 4 6 8 10 12 14 16 18 
I 
I Length of sampling (hour) 
Figure 3.1 Abundance of viable mold collected by the stationary biosampler with 
different sampling times in Mushroom house go-down. 
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Figure 3.2 Abundance of viable mold collected by the portable biosampler with ； 
different sampling times in Mushroom house go-down. 
Figures 3.3 and 3.4 show the yeast abundances collected. They ranged from 0 -
5,185 cfu/m^ and 0 - 875,556 cfu/m^ for the stationary biosampler (Figure 3.3) and 
the portable biosampler (Figure 3.4) respectively. The yeast abundances were very 
low when compared with the mold abundances (Figures 3.1 and 3.2). However, there 
was an odd replicate; in Figure 3.4，the trial of the portable biosampler with 0.5 
hour sampling time collected an extremely high yeast abundance (875,556 cfu/m^). 
Yeasts were not always collected by the active sampling methods. In the mushroom 
house go-down, yeasts were also only collected in one sampling spot of the collector 
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with preservative (Table 3.1). Therefore, yeasts were not commonly found in the 
airborne community in the mushroom house go-down. 
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Figure 3.3 Abundance of viable yeast collected by the stationary biosampler with 
different sampling times in Mushroom house go-down. 
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Figure 3.4 Abundance of viable yeast collected by the portable biosampler at 
different sampling times in Mushroom house go-down. 
Figure 3.5 and 3.6 show the fungal abundances, which is the sum of molds and 
yeasts, collected by the stationary (Figure 3.5) and the portable biosampler (Figure 
3.6). They ranged from 8,889 - 53,891 cfu/m^ and 833 - 877,778 cfu/m^ for the 
stationary biosampler (Figure 3.5) and the portable biosampler (Figure 3.6) 
respectively. An extremely high abundance (877,778 cfu/m^) was determined for the 
3rd trial of the portable biosampler (Figure 3.6) with 0.5 hour sampling time. It was 
caused by the high abundance of yeasts in this sampling (Figure 3.4). For other 
samples, the abundances were relatively lower and hence the plots were nearly on the 
x-axis (Figures 3.5 & 3.6). 
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Figure 3.5 Abundance of viable fungi collected by the stationary biosampler with 
different sampling times in Mushroom house go-down. 
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Figure 3.6 Abundance of viable fungi collected by the portable biosampler with 
different sampling times in Mushroom house go-down. 
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3.1.1.2.1.2 Abundances of airborne fungi in the storage room in Tsing Yi collected by 
the active sampling methods 
Since only a few tens of viable yeast were collected, the abundances of mold 
and yeast were combined (fungal abundance) and presented in one graph (Figures 3.7) 
only. The fungal abundances collected by the two biosamplers were presented in 
cfu/m^. Figure 3.7 shows the scatter plots of the fungal abundances collected by the 
stationary biosampler and the portable biosampler with different sampling times. 
They ranged from 73 - 2,208 cfu/m^ for the stationary biosampler and 167 - 2,719 
cfu/m^ for the portable biosampler. In Figure 3.7，the fungal abundance of the 
stationary biosampler increased from 1.5 to 4 hours and the highest was found at 4 
hours (2,208 cfu/m^). Afterwards, it decreased sharply from 4 to 8 hours and dropped 
to the lowest (73 cfu/m^). For the portable biosampler, the fungal concentration 
increased from 1.5 to 3 hours and had a peak at 3 hours (1,574 cfu/m^). Then it 
dropped from 3 to 6 hours to its lowest (308 cfu/m^). Afterwards, it increased sharply 
from 6 to 8 hours to 2,719 cfu/m^. 
From the fungal abundances collected by the stationary biosampler (Figures 3.5 
& 3.7), the optimum (the highest fungal abundance collected) sampling time was 
found at about 3 to 4 hours. However, the optimum sampling time would change if 
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the site was changed. For the portable biosampler, from Figures 3.6 & 3.7, the 
performance on the fungal abundances was more stable when the sampling time was 
shorter than four hours. 
Fungal abundances collected by the stationary biosampler and the 
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Figure 3.7 Abundance of viable fungi collected by the stationary biosampler and the 
portable biosampler with different sampling times in the storage room in Tsing Yi. 
3.1.1.2.2 Species richness in the two storage rooms collected by the active sampling 
methods 
In the analysis of the species richness in the mushroom house go-down, the 
repeated samplings (the three trials) of the stationary biosampler and the portable 
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biosampler in each sampling time were combined and the number of species was 
recorded and presented in Table 3.7. The numbers of species collected in the storage 
room in Tsing Yi were presented in Table 3.8. Tables 3.7 and 3.8 show that the 
number of species collected was affected by the different sampling times. Also, in 
different sites, the change of the number of species at different sampling times was 
different. 
Table 3.7 Species richness of airborne fungi collected at different sampling times in 
the mushroom house go-down. 
Sampling time (hr) 0.5 1.5 3 4 6 8 17 (overnight) 
Stationary biosampler 4 5 5 7 7 11 12 
Portable biosampler 7 8 3 4 7 7 N D 
Table 3.8 Species richness of airborne fungi collected at different sampling times in 
the storage room in Tsing Yi. 
Sampling time (hr) 1.5 3 4 6 8 
Stationary biosampler 3 5 7 3 3 
Portable biosampler 2 4 3 4 6 
Table 3.7 shows the numbers of species collected by the two active sampling 
methods in the mushroom house go-down. The species collected by the stationary 
biosampler increased with the sampling time and had 4 species at the shortest 
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sampling time, 0.5 hour and 12 species at the longest sampling time, 17 hours. The 
species collected by the portable biosampler increased from 7 to 8 for sampling time 
of 0.5 to 1.5 hours. Then it decreased to 3 species when the sampling time increased 
to 3 hours. Afterwards, it increased again to 7 species with the prolonged sampling 
time at 6 hours. Then, the number of species remained at 7 when the sampling time 
increased to 8 hours. If the result from the 17-hour sampling for the stationary 
biosampler (Table 3.7) was used to compare with the 17-hour sampling for the 
passive sampling methods (Table 3.3), it was observed that less species richness was 
sampled by the passive methods. 
The numbers of species collected in the storage room in Tsing Yi were presented 
in Table 3.8. From the table, the number of species collected by the stationary 
biosampler increased from 3 to 7 (the highest) for collection time of 1.5 to 4 hours. 
Then, the number of species decreased from 7 to 3 for the collection time of 4 to 8 
hours. It showed that for the stationary biosampler, the increase in collection time 
could increase the number of species collected. However, the number of species 
collected would decrease again if the collection time increased to too long (longer 
than 4 hours) which was different from the result of the mushroom house go-down 
(Table 3.7). From Table 3.8, the number of species collected by the portable 
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biosampler increased from 2 to 4 when the collection time increased from 1.5 to 3 
hours. Afterwards, the number of species decreased to 3 with the collection time 
increased to 4 hours. Then, the number of species collected increased from 3 to 6 (the 
highest) when the collection time increased from 4 to 8 hours. The number of species 
collected by the portable biosampler fluctuated. 
3.1.1.2.3 Species compositions of airborne fungi in the two storage rooms collected 
by the active sampling methods 
The repeated samplings (the three trials) at each sampling times in the 
mushroom house go-down were combined and averaged, and the overall relative 
abundance of each species was calculated. The species compositions found in the 
mushroom house go-down and the storage room in Tsing Yi were presented in 
percentage in Tables 3.9 and 3.10 respectively. The catalog "Unknown" was the 
species which were not identified. The major reason was that during isolation and 
purification, these cultures were lost (not viable) and could not be identified. Since 
the relative abundances of some species were small (< 0.1%), two decimal places 
were presented. 
From the result (Table 3.9)，the species commonly found in the stationary 
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biosampler, such as Penicillium aurantiogriseum, Cladosporium cladosporioides and 
Stagonospora sp. were also found in the portable biosampler. Most of them were 
common indoor airborne fungi except Stagonospora sp. Stagonospora sp. had the 
highest relative abundance in both biosamplers. This fungus was found in most 
samples except the 0.5 hour samples of both biosamplers. Some species, such as 
Penicillium expansum, were only collected when the sampling time was short. 
Although yeasts were not always collected by the active sampling methods, two 
yeasts species Cryptococcus laurentii and Rhodotorula glutinis were found by the 
two biosamplers. These two yeast species usually did not have high relative 
abundances (< 20%) except the sample of 0.5 hour sampling for the portable 
biosampler. One basidiomycete species, Phanerochaete sordida, was collected by 
the portable biosampler. The stationary biosampler collected another basidiomycete 
species, Schizophyllum commune. The two basidiomycete species were only 
collected at one sampling time and also, their relative abundances were low (< 5%) 
in the samples. From Table 3.9, the dominant species found at 0.5 hour sampling 
time were Penicillium expansum (33%) and Trichoderma harzianum (33%) in the 
stationary biosampler and was Cryptococcus laurentii (93%) in the portable 
biosampler. For the longer sampling times (>0.5 hour), the samples from both the 
stationary biosampler and the portable biosampler were dominated by Stagonospora 
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sp. From the result (Table 3.9), the species compositions collected by the active 
sampling methods were different from that collected by the passive sampling 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The species compositions of the fungal community collected by the active 
sampling methods for different sampling times are shown in Table 3.10. The table 
shows that the species changed with the sampling times (length of sampling). From 
the result, the dominant species commonly found by the two biosamplers were: 
Cladosporium cladosporioides and Fusarium sporotrichioides. These two fungal 
species were common indoor airborne fungus (Samson, 2005). For the portable 
biosampler, F. sporotrichioides was always had a very high relative abundance (> 
50%) in the samples. Two yeast species, Cryptococcus laurentii and Rhodotorula 
glutinis, were found by the two biosampler. They were common airborne yeasts. The 
stationary biosampler collected two basidiomycete species, Schizophyllum commune 
and Phanerochaete sordida while the portable biosampler collected one only, P. 
sordida. The dominant species found in the stationary biosampler changed in 
different sampling times. They were Aspergillus niger (40%) and Trichoderma 
harzianum (40%) for 1.5 hours, Cryptococcus laurentii (35%) for 3 hours, 
Schizophyllum commune (36%) for 4 hours, Fusarium sporotrichioides (67%) for 6 
hours and Rhodotorula glutinis (57%) for 8 hours. For the portable biosampler, the 
dominant species found in all sampling times was F. sporotrichioides. The result 
from Table 3.10 shows that the fungal communities collected by the active sampling 
methods were different from the passive sampling methods (Table 3.4). This finding 












































































































































































































































































































































































































































































































































































































































3.1.1.2.4 Biodiversity indices of airborne fungi in the two storage rooms collected by 
the active sampling methods 
In analyzing species diversity, the relative Shannon-Weaver index (J) and the 
Simpson's diversity index (D) for each sampling time were calculated. The two 
indices for the samples found in the mushroom house go-down and the storage room 
in Tsing Yi were presented in Tables 3.11 and 3.12 respectively. A larger diversity is 
represented by a larger value in the relative Shannon-Weaver index but a smaller 
value in the Simpson's diversity. 
Table 3.11 Relative Shannon-Weaver index and Simpson's diversity index for the 
samples collected by the biosamplers in the Mushroom house go-down. 
Relative Shannon-Weaver index 
Sampling time (hr) 0.5 1.5 3 4 6 8 17 (overnight) 
Stationary biosampler 0.78 0.71 0.39 0.39 0.43 0.35 0.08 
Portable biosampler 0.18 0.77 0.28 0.25 0.62 0.26 N D 
Simpson's diversity index 
Sampling time (hr) 0.5 1.5 3 4 6 8 17 (overnight) 
Stationary biosampler 0.33 0.50 0.74 0.74 0.68 0.72 0.94 
Portable biosampler 0.88 0.29 0.87 0.87 0.34 0.66 N D 
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Table 3.12 Relative Shannon-Weaver index and Simpson's diversity index for the 
samples collected by the biosamplers in the storage room in Tsing Yi. 
Relative Shannon-Weaver index 
Sampling time (hr) 1.5 3 4 6 8 
Stationary biosampler 0.96 0.94 0.85 0.78 0.87 
Portable biosampler 0.92 0.48 0.95 0.75 0.39 
Simpson's diversity index 
Sampling time (hr) 1.5 3 4 6 8 
Stationary biosampler 0.35 0.23 0.23 0.50 0.42 
Portable biosampler 0.55 0.68 0.37 0.45 0.67 
In Figure 3.11，the relative Shannon-Weaver index shows that, the species 
diversity of the stationary biosampler decreased with increasing sampling time. It 
had its maximum (0.78) with the shortest sampling time, 0.5 hours and its minimum 
(0.08) with the longest sampling time, 17 hours. The species diversity of the portable 
biosampler fluctuated. The relative Shannon-Weaver index values increased from 
0.18 to the highest (0.77) with the sampling time from 0.5 to 1.5 hours. Then it 
decreased to 0.25 when the sampling time increased to 4 hours. Afterwards, it 
increased again to 0.62 species with the sampling time was prolonged to 6 hours. 
Finally, it dropped to 0.26 at 8 hours sampling. 
The trends of the Simpson's diversity index for the stationary biosampler and 
the portable biosampler were similar to the relative Shannon-Weaver index but in 
opposite magnitude. This means both indices reflected the changes of the species 
diversity consistently. 
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Table 3.12 shows the relative Shannon-Weaver index and the Simpson's 
diversity index of the samples found in the storage room in Tsing Yi. The relative 
Shannon-Weaver index indicated that the species diversities of the stationary 
biosampler and the portable biosampler fluctuated with the change of sampling time. 
For the stationary biosampler, it had the highest (0.96) with the shortest sampling 
time (1.5 hours). Then, the index decreased to 0.78 when the sampling time increased 
to 6 hours. Afterwards, the index increased again to 0.87 at the sampling time 8 hours. 
The portable biosampler had a high relative Shannon-Weaver index (0.92) at 1.5 
hours of sampling time. Then it decreased to 0.48 with 3 hours and then it had the 
highest value (0.95) at the sampling time of 4 hours. Afterwards, the species diversity 
decreased with increased sampling time. And the lowest relative Shannon-Weaver 
index (0.39) was found with the longest sampling time (8 hours). The Simpson's 
diversity index shows that the change was similar with the relative diversity index. 
However, it could not differentiate between the samples from the 3 and 4 hours 
sampling for the stationary biosampler, i.e. the Simpson's diversity index for the 
sampling time 3 and 4 hours was the same (0.23) in the stationary biosampler (Table 
3.12). 
3.1.2 Airborne fungal surveys in the construction workplaces 
Viable airborne fungal (mold and yeast) surveys were conducted for two 
construction workplaces are in Tsing Yi and the other in Castle Peak Road. The 
surveys were carried out in Dec 2005, Mar 2006 and Jun 2006 for the Tsing Yi site 
and the Castle Peak site，and Jul 2006 for Castle Peak Road and Aug 2006 for Tsing 
Yi. The fungal samples were collected by both passive (the collector with 
preservative) and active sampling methods (the stationary biosampler and the 
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portable biosampler) in indoor and outdoor environments in the two construction 
workplaces. The contractor's site offices in the workplaces served as indoor 
environments and the open areas in front of the entrance of the site offices served as 
the outdoor environments. 
3.1.2.1 Relative humidity and temperature measured in the two construction 
workplaces 
Indoor and outdoor ambient relative humidities and temperatures were 
measured during the surveys in the two construction workplaces (Table 3.13). The 
ranges of indoor relative humidity and temperature were 18-73 % and 15 - 25.8°C 
respectively. And the ranges of outdoor relative humidity and temperature were 16 -
92 % and 14 - 29.3°C respectively. The lowest relative humidity and temperature 
measured were found in the first sampling date (Dec 2005) in both Tsing Yi and 
Castle Peak Road. The ranges of outdoor relative humidity and temperature were 
larger than that the indoor one. The indoor relative humidity always changed with the 
outdoor relative humidity. For the temperature, the indoor temperature also changed 
with the outdoor temperature but it did not increase to higher than 26°C. It was due to 
the cooling effect of the air-conditioners in the construction site offices. It was also 
found that the indoor and outdoor relative humidities were always higher than 50% 
except those recorded in the sampling (Dec 2005). 
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Table 3.13 Relative Humidity and temperature measured during the surveys. 
Relative Humidity (%) Temperature (°C) 
Indoor Outdoor Indoor Outdoor 
1st Sampling Tsing Yi 18 16 21.5 16 
(Dec 05) ""castle Peak R o ^ 25 — 20 15 ~ 14 
2nd Sampling Tsing Yi 64 82 23 21 
(Mar 06) 一Castle Peak Road 54 — 75 25 _ 22 
3rd Sampling ~ Tsing Yi — 73 92 25.8 " ^ t T ^ 
(Jim 06) 一Castle Peak Road 56 74 23.9 ~ 29.3 
4th Sampling Tsing Yi 69 “ 80 — 2 5 28.3 
(Jul/Aug 06) [~Castle Peak Road | 60 | 82 | 25 | 28.3 
3.1.2.2 Airborne fungi collected at the two workplaces 
3.1.2.2.1 Abundances of airborne fungi in the four surveys of the two construction 
workplaces 
Table 3.14 shows the abundances of the viable fungi (mold and yeast) 
abundances in the two construction workplaces collected by the passive sampling 
method. The abundances were presented in cfu/hr, i.e. the colony forming unit 
collected (cfu) over the sampling time (hour). 
In Table 3.14, the fungal abundances found in the Tsing Yi site were ranged 
from 6 - 2 7 cfu/hr (indoor) and 12 - 60 cfii/hr (outdoor). They were ranged from 
11 -21 cfu/hr (indoor) and 17 - 308 cfu/hr (outdoor) in the Castle Peak Road site. 
The outdoor environments always had higher mold abundances than the indoor 
environments. The result showed that there was a large variation among different 
sampling points in each sampling. Therefore, no significant difference in abundance 
was found. By comparing the mean values for each sampling of the two construction 
workplaces, the highest indoor mold abundance (19 cfu/hr) was found in the 
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sampling (Jun 2006) in Tsing Yi and the lowest (6 cfu/hr) was found in the 
sampling (Dec 2005) and the 4出 sampling (Aug 2006) in Tsing Yi. For the indoor 
yeast abundance, the highest (14 cfu/hr) was found in the 4出 sampling in Tsing Yi 
and the lowest (0 cfu/hr) was found in the sampling in Tsing Yi. For the outdoor, 
the highest mold abundance (60 cfu/hr) was found in the sampling in Tsing Yi 
again and the lowest (9 cfu/hr) was found in the sampling (Mar 2006) in Castle 
Peak Road. The highest outdoor yeast abundance (296 cfu/hr) was found in the 
sampling in Castle Peak Road and the lowest (0 cfu/hr) was found in the sampling 
in Tsing Yi. From the yeast abundances in Table 3.14，it was found that the range for 





















































































































































































































































































































































































































































































































































































































































































































































































































































For the active sampling, the result was shown in Table 3.15. The abundances 
were presented as colony forming unit collected over the volume of air sampled 
(cfu/m^ ). The fungal abundances found in the Tsing Yi site were ranged from 29 — 
463 cfu/ m^ (indoor) and 25 x 10^ - 120 x 10^ cfu/ m^ (outdoor). They were ranged 
from 106 一 789 cfu/ m^ (indoor) and 10 x 10^ - 80 x 10^ cfu/ m^ (outdoor) in the 
Castle Peak Road site. By comparing with the mean value, the highest indoor mold 
abundance (724 cfii/m^ ) was found in the sampling (Dec 2005) in Castle Peak 
Road and the lowest (29 cfu/m^) was found in the sampling (Mar 2006) in Tsing 
Yi. For the yeasts, the highest indoor yeast abundance (39 cfu/m^) was found in the 
sampling in Castle Peak Road. However, many samplings included and 3"* 
sampling in Tsing Yi and the sampling in Castle Peak could not collect any yeast. 
For the outdoor environments, the highest mold abundance (120 x 10^ cfu/m^) was 
found in the sampling (Jun 2006) in Tsing Yi and the lowest (10 x 10^ cfu/m^) was 
found in the sampling in Castle Peak Road. And there was no yeast found from 
the outdoor samples. From Table 3.15, it was also found that the outdoor 
environments had higher mold abundances than indoor environments in the four 
































































































































































































































































































































































































































































































































































































































































































































3.1.2.2.2 Indoor/ outdoor (I/O) ratios of the airborne fungi in the four surveys of the 
two construction workplace 
The mean values of the viable mold, yeast and fungal abundances from the 
indoor and outdoor samples were used to calculate the indoor to outdoor (I/O) ratios 
and they were shown in Table 3.16. In the passive sampling method, the highest I/O 
ratio (1.24) was found for the overall yeast abundance in Tsing Yi and only this I/O 
ratio was larger than one in the overall abundances. This might indicate that there 
were some yeasts living in the indoor environment. There were another four I/O 
ratios were larger than one and all of them were found in the passive sampling 
method. They were the yeast count of the and survey in Tsing Yi, the fungal 
count of the survey in Tsing Yi and the mold count of the survey in Castle 
Peak Road. The other I/O ratios were well below one. In the active sampling method, 
the I/O ratio for yeast could not be calculated (NA) as no yeast was found in the 
outdoor samples using this sampling method. The I/O ratios for the overall fungal 
abundances in Tsing Yi and Castle Peak Road found were very small (0.03 and 0.1) 
even compared with the passive sampling. 
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Table 3.16 Indoor to outdoor (I/O) ratios of the airborne fungi in the construction 
workplaces in Tsing Yi and Castle Peak Road. 
— Passive sampling method 
Fungal Tsing Yi Castle Peak Road 
survey Mold Yeast Fungi Mold Yeast Fungi 
0.50 0.05 — 0 . 3 5 0.32 0.26 0.31 
0.91 ~~1.86 1.07 0.80 0.52 0.67 
^ ^ N A 0.45 0.90 0.01 0.04 
4th 0.23 2.93 0.36 1.08 0.02 0.10 
Overall — 0.34 1.24 0.42 0.57 0.02 — 0.11 
Active sampling method 
Fungal Tsing Yi Castle Peak Road 
survey Mold Yeast Fungi Mold Yeast Fungi 
ist 0.01 N A 0.01 0.10 N A 0.09 
2nd 0.01 N A 0.01 0.13 N A 0.16 
3rd 0.04 N A 0.04 0.41 N A 0.41 
4th 0.03 N A 0.03 0.05 N A 0.06 
Overall 0.03 N A 0.03 0.1 N A 0.1 
NA: I/O ratio could not be calculated as the outdoor count was 0. 
3.1.2.2.3 Species richness of airborne fungi for the four surveys in the two 
construction workplaces 
Table 3.17 presents the numbers of species identified for the passive sampling 
method. The overall species numbers collected in the indoor environments (22 in 
Tsing Yi and 24 in Castle Peak Road) were lower than those in the outdoor 
environments (38 in Tsing Yi and 58 in Castle Peak Road). It was found that the 
number of species identified was smaller in the indoor samples than the outdoor 
samples in the four fungal surveys. 
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Table 3.17 Species richness of the airborne fungi at the construction workplaces in 
Tsing Yi and Castle Peak Road collected by the passive sampling method. 
Passive sampling method 
p T ^ ~ r Tsing Yi Castle Peak Road 
® Indoor Outdoor Indoor Outdoor 
jst Total no. of species ^ g g ^^ 
identified 
n^d Total no. of species ^ . . ” 
^ * 1 J * r** 1 J ^ ^ 
identified r^d Total no. of species , .. , ^^ ^ • 1 J • r*  1 J 1 D Zt) 
identified 
4th Total no. of species ^ iq lo 22 
identified 
。 „ Total no. of species ^^ 。。 。」 “ 
Overall ., , ^ 22 38 24 58 
identified 
Table 3.18 shows the numbers of species identified in the two construction 
workplaces for the active sampling method. The numbers of species found in indoor 
environments were 23 and 34 in Tsing Yi and Castle Peak Road respectively while 
that in the outdoor environments were 11 and 4 in Tsing Yi and Castle Peak Road 
respectively (Table 3.18). It was higher in the indoor samples than the outdoor 
samples which was different from the passive sampling method (Table 3.17). The 
numbers of species identified in the indoor environment were higher than that in the 
outdoor environment in most fungal surveys except the and survey in Tsing Yi. 
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Table 3.18 Species richness of the airborne fungi in the construction workplaces in 
Tsing Yi and Castle Peak Road collected by the active sampling methods. 
Active sampling method 
p T “ Tsing Yi Castle Peak Road 
Indoor Outdoor Indoor Outdoor 
J St Total no. of species 1 ^ H 2 
identified 
n^d Total no. of species 2 3 5 1 
identified 
r^d Total no. of species 7 5 9 1 
identified 
.th Total no. of species n 9 \a i 
H* • t - • 1 丄 ^ 1 I 土 
identified 
^ ,, Total no. of species ^^ ” ^. . 
Overall 」 ‘ 了 」 ^ 23 11 34 4 
identified 
3.1.2.2.4 Composition of the airborne fungal communities in the four surveys of the 
two construction workplaces 
The top ten fungal species found and their relative abundances are presented in 
percentage in Table 3.19 for the passive sampling method. The proportional 
abundances of all species identified in the four surveys by the passive sampling 
method are attached in Appendix 1. Besides, the images of the top 10 abundance 
species in the passive sampling method are attached in Appendix 2. 
From Table 3.19, the fungal species with the highest abundance found in the 
indoor environments was Phoma sp. (15%) and Cryptococcus laurentii (43%), which 
is a yeast species, in Tsing Yi and Castle Peak Road, respectively. The most abundant 
airborne fungus found in the outdoor environments was Rhodotorula mucilaginosa 
(22%), which is a yeast species, and Leptosphaerulina chartarum (16%) in Tsing Yi 
and Castle Peak Road, respectively. For overall proportion (combining the data from 
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Tsing Yi and Castle Peak Road), the most abundant species was Cryptococcus 
laurentii in indoor environments (35%) and Leptosphaerulina chartarum (15%) in 
outdoor environments. The yeast species were always found in the top 10 abundance 
species in both indoor and outdoor sampling (e.g. for the overall proportion, four and 
three yeast species were found in the top 10 abundance in the indoor and outdoor 
species). From the result (Table 3.19), it was also noted that the abundances of 
basidiomycetes were high. 
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Table 3.19 The ten most abundant fungal species and their relative abundances (%) in 
the two workplaces collected by the passive sampling method. 
Tsing Yi 
Indoor � / � | Outdoor � / � 
Phoma sp. 15 Rhodotorula mucilaginosa" 22 
Cladosporium cladosporioides 12 Cryptococcus laurentif 17 
Penicillium aurantiogriseum 10 Rhodotorula glutinis" 10 
Coprinus radians^ 9 ~Coprinus radians^ “ 6 
Rhodotorula glutinis'^ 8 Cladosporium cladosporioides 4 
Wardomyces sp. 8 Phanerochaete sordida^ 4 
Aspergillus sydowii 5 Penicillium brevicompactum 4 
Cryptococcus laurentif 4 Phoma sp. 3 
Phomopsis longicolla 4 Phlebia sp. 3 
Aureobasidium pullulans 4 Penicillium aurantiogriseum 3 
Castle Peak Road 
Indoor � / � Outdoor % 
Cryptococcus laurentif 43 Leptosphaerulina chart arum 16 
Pichia guilliermondif 35 Cerrena unicolor^ 11 
Rhodotorula mucilaginosa" 5 Phaeoacremonium rubrigenurrf 9 
Stagonospora sp. 3 Rhodotorula mucilaginosa" 9 
Cladosporium cladosporioides 2 Ustilago trichophara" 8 
Schizophyllum commune'^ 2 Gliocladium sp. 7 
Gliocladium sp. 1 Chrysosporium sp. 6 
Bipolaris sp. 1 Cladosporium cladosporioides 5 
Phaeoacremonium rubrigenurrf 1 Schizophyllum commune 5 
Cladosporium sphaerosperum 1 Pichia guilliermondif 5 
Overall 
Indoor � / � Outdoor % 
Cryptococcus laurentif 3 5 Leptosphaerulina chartarum 15 
Pichia guilliermondif 28 Cerrena unicolor^ 10 
Rhodotorula mucilaginosa" 4 Rhodotorula mucilaginoscf 9 
Cladosporium cladosporioides 4 Phaeoacremonium rubrigenurrf 9 
Phoma sp. 3 Ustilago trichophara° 8 
Stagonospora sp. 2 Gliocladium sp. 7 
Penicillium aurantiogriseum 2 Chrysosporium sp. 6 
Rhodotorula glutinis" 2 Cladosporium cladosporioides 5 
Coprinus radians'' 2 Schizophyllum commune^ 5 
Wardomyces sp. 2 Pichia guilliermondii 4 
a: This is a yeast, b: this is a basidiomycete. 
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Table 3.20 shows the top 10 abundant species collected by the active sampling 
methods. The proportional abundances of all species identified in the four surveys by 
the active sampling method are attached in Appendix 3. Besides, the images of the 
top 10 abundance species in the active sampling method are attached in Appendix 2. 
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Table 3.20 The ten most abundant fungal species and their relative abundances (%) in 
the two workplaces collected by the active sampling method. 
Tsing Yi “ 
Indoor 丨 o / � | cj^ utdoor I "Z� 
Coprinus radians'^ 37 Cophnus radians'' 20 
Cladosporium cladosporioides 9 Bipolaris sp. 9 
Aspergillus terreus 6 Cerrena unicolor^ 8 
Wardomyces sp. 5 Leptosphaerulina chartarum 8 
Penicillium nalgiovense 3 Schizophyllum commune 8 
Aureobasidium pullulans 2 Fusarium oxysporum 8 
Penicillium commune 2 Cladosporium sphaerosperum 8 
Schizophyllum commune'^ 1 Cladosporium cladosporioides 5 
Phanerochaete sordida^ 1 Phoma sp. 4 
Penicillium brevicompactum 1 Penicillium chrysogenum 1 
Castle Peak Road 
Indoor 。/o Outdoor* % 
Cladosporium sphaerosperum 17 Cerrena unicolor'^ 43 
Penicillium citrinum 9 Mucor sp. 29 
Verticillium sp. 9 Aspergillus sydowii 7 
Leptosphaerulina chartarum 9 Stagonospora sp. 7 
Cladosporium cladosporioides 8 Verticillium sp. 7 
Penicillium aurantiogriseum 5 Stagonospora sp. 7 
Gliocladium sp. 4 Aspergillus sydowii 7 
Penicillium commune 3 
Pichia guilliermondif 3 
Rhodotorula glutinis" 2 
Overall 
Indoor I "Z�丨 Outdoor o/� 
Coprinus radians^ 12 Cerrena unicolor'^ 21 
Cladosporium sphaerosperum 12 Coprinus radians^ 13 
Cladosporium cladosporioides 9 Mucor sp. 10 
Penicillium citrinum 7 Bipolaris sp. 6 
Leptosphaerulina chartarum 6 Schizophyllum commune^ 5 
Verticillium sp. 6 Leptosphaerulina chartarum 5 
Penicillium aurantiogriseum 4 Fusarium oxysporum 5 
Penicillium commune 3 Cladosporium sphaerosperum 5 
Gliocladium sp. 3 Cladosporium cladosporioides 3 
Aureobasidium pullulans 2 Verticillium sp. 3 
*: Seven species were collected 
a: This is a yeast, b: this is a basidiomycete. 
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Table 3.20 shows that yeasts were not found in the top 10 abundance list. The 
abundances of basidiomycetous species were very high in the sites by the active 
sampling methods. For the indoor species，the highest abundance was Coprinus 
radians (37%), which is a basidiomycete species, and Cladosporium sphaerosperum 
(17%) in Tsing Yi and Castle Peak Road, respectively. For the outdoor species, 
Coprinus radians (20%) and Cerrena unicolor (43%), which is also a basidiomycete 
species, had the highest abundance in Tsing Yi and Castle Peak Road, respectively. 
The overall proportion (combining the data from Tsing Yi and Castle Peak Road) 
shows that the most abundant species found in the indoor samples and the outdoor 
samples were Coprinus radians (12%) and Cerrena unicolor (21%) respectively. 
Since no yeast was collected, the top 10 abundance species were replaced by some 
common mold species, e.g. Penicillium spp and Cladosporium spp. In the overall 
proportion (Table 3.20), one and three basidiomycete species were found in the top 
10 abundance in the indoor and outdoor species. 
3.1.2.2.5 Biodiversity indices of the airborne fungal communities collected in the 
four surveys at the two construction workplaces 
The diversity indices (the relative Shannon-Weaver index and the Simpson's 
index) found in the two construction workplaces by the passive sampling method 
were presented in Table 3.21. A larger diversity is represented by a larger value in the 
relative Shannon-Weaver index but a smaller value in the Simpson's diversity. 
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Table 3.21 Species diversity indices of the airborne fungi at the construction 
workplaces in Tsing Yi and in Castle Peak Road collected by the passive sampling 
methods. 
Passive sampling method 
^ r Tsing Yi Castle Peak Road 
Indoor Outdoor Indoor Outdoor 
The relative 0.98 0.86 0.67 0.80 
J St Shannon-Weaver index 
Simpson's d i v e r s i t y o . 2 6 0.16 0.27 0.17 
index 
The relative 0.96 0.87 0.91 0.84 
2nd Shannon-Weaver index 
Simpson's diversity ^ ^ ^ 0.10 
index 
I P ^ ^ ^ ^ 0.83 3rd Shannon-Weaver index 
Simpson's diversity ^ ^ ^ 0.09 
index 
The relative ^ 00 a ^ .. n 仏 凡 ,,, . J 0.83 0.63 0.44 0.40 
t^h Shannon-Weaver index 
Simpson's diversity ^ ^ ^ ^ ^ 
index 
The relative 0.89 土 0.77 土 “0.53 ± 0.72 + 
^ „ Shannon-Weaver index 0.10 0.12 0.34 0.21 
Overall 
Simpson's diversity 0.33 土 0.26 土 0.46 土 0.16 土 
index 0.05~ 0.10 0.32 0.10 
There was no significant difference between the overall diversity indices values 
of the indoor and the outdoor environments (t-test, p > 0.05) when using the passive 
sampling method in Tsing Yi and Castle Peak Road (Table 3.21). In some cases, the 
two diversity indices could not reflect the species diversity consistently. For example, 
in the survey in Tsing Yi, the relative Shannon-Weaver index shows that the 
indoor environment (value = 0.98) had a higher species diversity than the outdoor 
environment (value = 0.86). However, it would be reversed if the Simpson's diversity 
index was used to compare, the indoor environment (value = 0.26) would have a 
� 1 2 2 
lower diversity than the outdoor environment (value = 0.16). 
Table 3.22 shows the diversity indices (the relative Shannon-Weaver index and 
the Simpson's index) found in the two construction workplaces by the active 
sampling method. For the active sampling method, significant difference (t-test, p > 
0.05) was found between the diversity indices (both the relative Shannon-Weaver 
index and the Simpson's diversity index) of the indoor and the outdoor environments 
for the Castle Peak Road (Table 3.18). The diversity was higher in the indoor 
environment (relative Shannon-Weaver index = 0.74 土 0.06; Simpson's diversity 
index = 0.21 土 0.03) than the outdoor environment (relative Shannon-Weaver index 
=0.11 土 0.22; Simpson's diversity index = 0.94 土 0.12). 
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Table 3.22 Species diversity indices of the airborne fungi at the construction 
workplaces in Tsing Yi and in Castle Peak Road collected by the active sampling 
methods. 
Active sampling method 
p T , Tsing Yi Castle Peak Road 
— Indoor Outdoor Indoor Outdoor 
The relative 0.00 0.75 0.76 0.43 
pt Shannon-Weaver index 
Simpson's diversity^ j qq 0.37 0.18 0.75 
index 
The relative 0.58 0.69 0.80 0.00 
n^d Shannon-Weaver index 
Simpson's diversity ^ ^ ^ 
index 
I P ^ “ ^ ^ ^ 0.00 
3rd Shannon-Weaver index 
Simpson's diversity ^ ^ 
index 
I P ^ ^ “ ^ ^ ^ 0.00 
t^h Shannon-Weaver index 
Simpson's diversity q；^ ^ ^ 
index 
The relative 0.39 ± 0.62 土 0.74 土 0.11 土“ 
^ „ Shannon-Weaver index 0.27 0.23 0.06 0.22 
Overall 
Simpson's diversity 0.62 土 0.47 土 0.21 土 0.94 土 
index 0.28~ 0.27 0.03 0.12 
The results of the overall value of the diversity indices of the passive (Table 
3.21) and active (Table 3.22) sampling methods show that the species diversities 
found in the indoor and outdoor environments were similar in Tsing Yi. It was also 
similar in the species diversities found in the Castle Peak Road by the passive 
sampling (Table 3.21). The difference between the indoor and outdoor environment 
was found in the Castle Peak Road by the active sampling methods (Table 3.22). 
3.1.2.2.6 Properties of the identified fungi collected at the two construction 
workplaces 
The properties of the identified fungi were reviewed (Samson, 2005; Doctor ‘ 
�124 
Fungus, http://www.doctorfungus.org/; Occupational Safety & Health Administration, 
U.S., http://www.osha.gov/ ). Their properties were listed in appendix 4. Among 
them, 78% were allergenic, 73% were human pathogenic and 42% were mycotoxins 
producers (toxigenic mold). 
3.1.3 The relationship between airborne fungal communities of two 
neighbouring offices in the Tsing Yi site 
3.1.3.1 Soilborne and airborne fungi of the green roof and their relationship 
with the indoor airborne fungi of the contractor site office 
Soil (growing medium) from the green roof of the contractor site office was 
collected for analysis. Ten samples were collected. The characteristics of the soil in 
the green roof were presented in Table 3.23. These soils were rich in carbon, low in 
nitrogen and phosphorus. The soil texture was sandy type. The plant aerial biomass 
was heterogeneous as shown by the high variance. The results also show that the soil 
on the roof was heterogeneous (Table 3.23). Soil fungi population was one-tenth of 
soil bacterial population. Such rich fungal population may be a source of airborne 
fungi. 
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Table 3.23 The physico-chemical and biological characteristics of the soil in the 
green roof. 
Parameters Mean ± SD 
pH 6.8 土 0.2 
Moisture (%) 33.8 土 11.8 
Total Carbon (%) 17.56 土 4.71 
Total Hydrogen (%) 1.52 + 0.41 
Total Sulfur (%) _ 0.15 ±0.07 
Total N (mg/kg) 83 土 29 
N03-N (mg/kg) 6.13 土 2.79 
Total P (mg/kg) 70.40 土 27.42 
Available P (mg/kg) 3.28 土 6.91 
Electrical conductivity (|iS/cm ) 149 + 22 
K (mg/kg) 386 土 77 
Particle size (> 0.2 m m ; % ) 62.3 土 5.4 
Clay content (%) 12±3 
Silt content (%) 16 土 3 
Sand content (%) 72 + 5 
Viable soil bacteria (xlO^ cfu/g) 141 土 213 ~ ~ 
Nitrogen-fixing bacteria (x 1cfu/g) 19 土 18 
Viable soil fungi (xlO^ cfu/g) 一 37 土 45 
Aerial biomass (g/100 cm^; dry weight) 3.97 土 2.73 
The airborne fungi in the contractor site office and on the green roof were 
collected by the passive sampling method (the collector with preservative) in Dec 
2005. The airborne fungal abundances found and the species identified in the indoor 
environment of the contractor site office and on the roof are presented in Table 3.24. 
Tin Table 3.24, the fungal abundances ranged from 114 - 244 cfu/hr on the green 
roof and ranged from 0-168 cfu/hr in the indoor environment of the contractor site 
office. The green roof had a higher airborne fungal abundance than the contractor site 
office. The numbers of fungal species collected on the green roof and in the 
contractor site office were 14 and 13 respectively. Although they had the similar 
species number, they had different species compositions. The most abundant species 
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found on the green roof was a yeast species, Cryptococcus laurentii while that in the 
contractor site office was another yeast species, Rhodosporidium toruloides. From 
Table 3.24, only one yeast species was found on the green roof while four yeast 
species were found in the contractor site office. 
Table 3.24 Airborne fungi collected on the roof and inside the contractor site office at 
Tsing Yi with the passive sampling method. 
Green roof Contractor site office 
Fungal abundance 
Mean 土 S.D. 227 ± 133 (114-244) 41 ±49(0— 168) 
(range) (cfu/hr) 
Fungal species 1. Cryptococcus laurentif 1. Rhodosporidium toruloides'^ 
(arranged in 2. Cladosporium cladosporioides 2. Cladosporium sphaerosperum 
descending order 3. Penicillium italicum 3. Cryptococcus laurentif 
of abundance) 4. Cladosporium sphaerosperum 4. Fusarium oxysporum 
5. Acrenonium recifei 5. Aureobasidium pullulans 
6. Aureobasidium pullulans 6. Cryptococcus magnus" 
7. Cladosporium herbarum 7. Penicillium aurantiogriseum 
8. Penicillium aurantiogriseum 8. Penicillium citrinum 
9. Fusarium sambucinum 9. Aspergillus niger 
10. Trichoderma harizanum 10. Rhodotorula mucilaginosa^ 
11. Penicillium expansum 11. Aspergillus cadidus 
12. Scopulariopsis sp. 12, Aspergillus oryzae 
13. Acremonium kiliense 13. Cladosporium herbarum 
14. Fusarium oxysporum 
Species no. 14 13 
The superscript "a" indicates that fungus is a yeast species. 
3.1.3.2 The relationship between indoor airborne fungi collected from the 
contractor site office and the neighbouring government office 
Airborne fungi in the contractor site office and the neighbouring government 
office were collected by the collectors with preservative in Mar 2006. The results 
were presented as abundance in "cfu/hr" in Table 3.25. The fungal abundances from 
1 - 158 cfu/hr in the contractor site office and ranged from 0 - 1 4 cfu/hr in the 
government office. The contractor site office had higher mean value of mold (21 
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cfu/hr) and yeast (517 cfu/hr) than the government office (mold: 3 cfii/hr and yeast 1 
cfu/hr). 
Table 3.25 Abundances of viable fungi in the contractor site office and the 
government's office collected by the passive sampling method. 
Mold, Range Yeast, Range Fungi, Range 
(Mean 土 S.D.) (Mean 土 S.D.) (Mean 土 S.D.) 
(cfu^) (cfu^) (cf\j^) 
Skfoffice 0 - 4 5 (21 土 24) 0 - 120 (25 土 50) 1 - 158 (51 土 74) 
G。 : = e n t o-8(3±4) 0-6(1±3) 0-14 (5 ±6) 
The species found in the contractor site office and the government office are 
listed in Table 3.26. The relative abundance of each species was presented in 
percentage. Since the relative abundances of some species were small, two decimal 
places were used. The species with the highest abundance was Rhodotorula 
mucilaginosa (46%) (yeast species) in the contractor site office and Ustilago 
trichophora (53%) (yeast species) in the government office. Yeasts species were 
abundant in both offices. Four and two yeast species were found in the contractor site 
office and the government office respectively. In both offices, yeasts occupied a 
large proportion of the fungal population. 
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Table 3.26 Relative species abundance of the indoor airborne fungi in the contractor 
site office and the neighbour government office collected by the passive sampling 
method. 
Abundance (%) Contractor site office Government office 
Aspergillus niger 0.00 5.26 
Aureobasidium pullulans 27.14 0.00 
Chrysonilia sitophila 0.48 0.00 
Fusarium graminearum 0.48 0.00 
Penicillium aurantiogriseum 0.48 0.00 
Penicillium citrinum 0.48 10.53 
Trichoderma harzianum 0.95 0.00 
Cryptococcus laurentif 11.90 31.58 
Rhodotorula glutinis� 0.95 0.00 
Rhodotorula mucilaginosa" 46.19 0.00 
Ustilago trichophorcf 10.95 52.63 
Total count (cfu/hr) 51 5 
The superscript "a" indicates that fungus is a yeast species. 
The species richness and the species diversity indices of the two site offices 
were presented in Table 3.27. The number of species found in the contractor site 
office (species number = 10) was larger than that in the government office (species 
number = 4). However, for the species diversity, the government office (relative 
Shannon-Weaver index = 0.79) was higher owing to the more even species 
distribution. It was also shown by the Simpson's diversity index. The government 
office had a lower Simpson's diversity index than the contractor office. The lower 
species diversity in the contractor site office was due to the yeast species occupied a 
very high proportion in the samples. 
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Table 3.27 Species richness and diversity indices of the indoor airborne fungi in the 
contractor site office and the government office. 
Contractor site office Government office 
Species richness 4 
Relative Shannon-Weaver index 0.62 0.79 
Simpson's diversity index 0.38 0.31 
3.2 Dusts in air-conditioner filters of the construction workplace 
Totally, 18 dust samples were collected from the filters of the air-conditioners in 
the construction site offices in Tsing Yi and Castle Peak Road. Twelve samples (nine 
samples from the contractor site office in Tsing Yi and three samples from the 
contractor site office in Castle Peak Road) were collected in Sep 2006. Three 
samples (from the contractor site office in Tsing Yi) were collected in Dec 2006 and 
three samples were collected in the government office in Tsing Yi in Mar 2007. 
3.2.1 Microscopic observation of the dust samples 
The dust samples were observed under a microscope (Nikon; EClipse 80i) and 
the images were recorded. The images of the microscopic pictures of some dust 
samples are shown in Figures 3.8 - 3.11. The figures show that the dusts contained 
various substances. Figure 3.8 shows the image of a dust sample collected from the 
pantry of the contractor site office in Tsing Yi. Some dead matters and bacteria were 
observed in the sample. Figure 3.9 shows the image of some dusts collected from the 
accountant room of the contractor site office in Tsing Yi. In this sample, cells or 
spores were found. It was suspected that these belonged to fungal species. In Figure 
3.10, the dust sample collected from the surveyor room of the contractor site office in 
Tsing Yi was shown. The image shows some fiber likes matters. It could be a plant 
fiber. A mycelium was also observed and it grew on a fiber. The mycelium probably 
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belonged to fungal species. Figure 3.11 shows the image of the dust sample collected 
the conference room of the contractor site office in Castle Peak Road. Similar to 
Figure 3.10, a mycelium was found on a fiber (Figure 3.11). The microscopic images 
of the dust samples suggested that the dusts contained various substances 
heterogeneously. 
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Figure 3.8 Microscopic image of dust Figure 3.9 Microscopic image of dust 
sample from the pantry of the contractor sample from the accountant room of the 
site office in Tsing Yi. The sample was contractor site office in Tsing Yi. The 
collected in Sep 06 (Magnification: sample was collected in Sep 06 
400X). (Magnification: 400X). 
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Figure 3.10 Microscopic image of dust Figure 3.11 Microscopic image of dust sample from the urveyor room of the sample from the conference room of thecont acto  site offi e n Tsin  Yi. Th cont acto  si e offic  in C stle Peakwas c llect d in Sep 06 R ad. The ample was ollect d in Sep(Magnification: 400X). 06 (Magnification: 400X).
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3.2.2 Viable dustbome fungi of the neighboring site offices 
Dust samples from 12 locations from the two contractor site offices (9 from 
Tsing Yi and 3 from Castle Peak Road) were investigated. The viable fungal (mold 
and yeast) abundances were presented in Mean 土 S.D. of three replicates in cfu/g 
(colony forming unit per gram of dust) in Table 3.28. "TY" represents "Tsing Yi" and 
"CP" represents "Castle Peak Road”. Generally, the mold abundance in a dust 
sample was higher than its yeasts count (Table 3.26). The mold abundances from the 
dust samples ranged from 2 x 10^ - 2,023 x 10^ cfii/g dust. The yeast abundances 
from the dust samples ranged from 0 - 86 x 10^ cfu/g dust. The fungal abundances 
from the dust samples ranged from 2 x 10^ - 2,000 x 10^ cfu/g dust. The sample 
collected from the conference room in Castle Peak Road had the highest mold and 
flmgal abundances. This room was heavily used for meetings. The site accountant 
room in Tsing Yi had the highest yeast abundance. As a single officer room，the site 
officer room 1 in Tsing Yi had the highest mold abundance. The lowest mold, yeasts 
and fungal abundances were determined using the sample from 1/F lobby in Tsing 
Yi. 
In the contractor site office in Tsing Yi, higher mold and yeast abundances were 
found in the pantry, the site officer room 1 and the site accountant room which were 
used or occupied daily in the study period. In Castle Peak Road, the dustbome fungal 
abundances found in the three rooms were not low (> 10 x 10^ cfu/g) fully. These 
three rooms were used or occupied daily in the study period. Furthermore, there were 
many small to large group meetings held in the conference room in Castle Peak 
Road. 
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room) in the contractor site office in Tsing Yi were collected again in Dec 2006. 
These .dust samples had a 3-month accumulation time (Sep - Dec., 06). The viable 
fungal (mold and yeast) abundances were presented in Table 3.29. In the table, "TY" 
represents "Tsing Yi". From Table 3.29, the dustborne fungal abundances ranged 
from 3 X 10^ to 39 X 10^ cfu/g dust. The dustborne mold abundances were smaller in 
the dusts collected in Dec 06 than that collected in Sep 06 (Table 3.28) (analyzed by 
student t test at p < 0.05). For the yeast abundances, the dusts from Dec 06 (Table 
3.29) and Sep 06 (Table 3.28) were similar. Among the samples collected in Dec 
2006, of dust samples, the highest mold and fungal abundances were found in the 
sample from the pantry. Yeasts were only found in the sample from the site officer 
room 1. The lowest mold and fungal counts were found in the site accountant room. 
Table 3.28 Abundance of viable fungi in the dust samples collected from the 
contractor site offices in Tsing Yi and Castle Peak Road in Sep 2006. 
^ , , . Mold, Mean + S.D. Yeast, Mean + SD Fungi, Mean + SD 
Dust sample locations (乂 ^ s^ cfu/g—dust) (x 10^ cfu/g dust) (x 10^ cfWg dust) 
T Y G/F lobby 3.95 ± 1.62 0.80 ±0.00 4.76 ±2.15 
TY1/F lobby 2.23 ±0.97 0 2.23 ±0.97 
T Y site officer room 1 300.16 土 19.10 3.96 土 0.26 335.67 土 6185 
T Y site officer room 2 2.35 土 0.81 5.07 ±0.42 7.44 ±0.60 
T Y site accountant room 100.50 土 60.03 86.04 土 23.07 186.93 ± 82.56 
T Y quality surveyor room 40.20 土 7.25 6.67 土 9.87 46.90 土 17.09 
T Y conference room 67.00 ±6.14 0.80 ±0.92 67.00 ±6.14 
T Y pantry 196.98 土 29.75 1.22 ±0.21 205.69 ±30.76 
T Y surveyor room 2.32 ±0.25 0.77 土 0.12 3.10 土 0.14 
CP conference room 2023.40 土 6.14 33.35 土 0.92 2056.90 ± 206.29 
CP pantry 14.94 土 1.16 0.20 土 0.20 15.14 ±0.99 
CP surveyor room 255.94 土 29.15 0.67 土 29.28 256.61 土 30.17 
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Table 3.29 Abundance of viable fungi in the dust samples collected from the 
contractor site office in Tsing Yi in Dec 2006. 
^ , , . Mold, Mean 土 S.D. Yeast, Mean 土 SD Fimgi，Mean 土 SD 
Dust sample locations lO^ cfu/gdust) (x 10^ cfWgdust) (x 10^ cfWgdust) 
T Y pantry 39.35 土 8.02 0 39.35 土 8.02 
T Y site officer room 1 14.83 ±1.71 3.42 ±3.13 14.83 土 1.71 
T Y site accountant room 4.00 土 0.43 0 4.00 土 0.43 
Dust samples from three locations in the government site office in Tsing Yi were 
collected in Mar 2007. The viable fungal (mold and yeast) abundances were 
presented in Table 3.30. The fungal abundances from the dust samples ranged from 5 
X 10 to 22 X 10 cfu/g dust which were 10-fold lower than those of Tsing Yi dust 
samples examined in Dec 06 (Table 3.29). The highest mold and fungal abundances 
were found in the sample from the pantry and the highest yeast abundance was found 
in the samples from the assistant engineer room. The lowest mold, yeasts and fungal 
abundances were found in the assistant engineer room. 
Table 3.30 Abundance of viable fungi in the dust samples collected from the 
government site office in Tsing Yi in Mar 2007. 
‘ 1 1 ‘• Mold, Mean + S.D. Yeast, Mean + SD Fungi, Mean + SD 
Dust sample locations (父 ^ s^ c f妳 — ^邮 ( x 10^ cfu/g Just) (x cfu/g dust) 
Assistant engineer room 5.33 土 0.58 2.33 ±0.50 7.67 ±0.59 
Pantry 20.59 ±0.52 1.63 ±0.30 22.22 土 2.11 
Secretary room 7.37 土 0.02 0 7.37 ±0.82 
Since the number of colonies was too numerous for each plate. It was difficult 
to identify all colonies to species level and to count their abundances. Hence, only 
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to identify all colonies to species level and to count their abundances. Hence, only 
the relative abundances of the three most common airborne mold genera，Aspergillus, 
Cladosporium and Penicillium, were determined. The results are presented in Table 
3.31. "TY" represents "Tsing Yi" and "CP" represents "Castle Peak Road". More “+” 
represent a larger relative abundance. From Table 3.31, the dust samples were 
dominated by Cladosporium spp, followed by Aspergillus spp and then Penicillium 
spp. Cladosporium spp. were found in all dust samples. However, Aspergillus spp. 
were only found in 9 out of 18 samples and Penicillium spp. were only found in 3 out 
of 18 samples. Cladosporium spp. highly adapted the environment in the dusts 
settled in the air-conditioners. However, Fusarium spp. (one of the common airborne 
fimgi geniuses) was not found in all dust samples. It was also found that the 
dustborne ftmgal compositions were totally different from the airborne fungal 
compositions (Tables 3.19 & 3.20). 
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Table 3.31 Relative abundances of three common mold genera in the dust samples. 
Aspergillus Cladosporium Penicillium 
spp spp spp 
Dust collected in Sep 06 
T Y G/F lobby + + + + 
T Y 1/F lobby + + + 
T Y site officer room 1 + + + 
T Y site officer room 2 + + + 
T Y site accountant room + + + + 
T Y quality surveyor room + + + 
T Y conference room + + + + 
T Y pantry + + + + + 
T Y surveyor room + + + + + 
CP conference room + + + + 
CP pantry + + + + — 
CP surveyor room + + + + 
Dust collected in Dec 06 
T Y pantry — + + + + + — 
T Y site officer 1 + — + + + + 
T Y site accountant room + + + + + 
Dust collected in Mar 07 
(Government site office) 
Assistant engineer room + + + + 
Pantry + + + + 
Secretary room + + + + 
3.2.3 Mycotoxin contents, volatile organic profiles and toxicities of the dust 
samples 
3.2.3.1 Mycotoxin aflatoxins, ochratoxins and deoxynivalenol contents of the 
dust samples 
The mycotoxin contents were presented as a mean of two replicates in Table 
3.32. From Table 3.32, aflatoxins, deoxynivalenol and ochratoxins were always 
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detected in the dust samples. The amounts of aflatoxins, deoxynivalenol and 
ochratoxins detected ranged from 86 to 442 p,g/kg, 6 to 49 mg/kg and 67 to 510 
|xg/kg, respectively (Table 3.32). The highest aflatoxins content (442 土 20 |a,g/kg) was 
detected in the dust from the site accountant room of the contractor site office in 
Tsing Yi collected in Dec 2006, while the lowest (86 土 121 |j.g/kg) was detected in 
the dust from the surveyor room of the contractor site office in Castle Peak Road 
collected in Sep 2006. The highest deoxynivalenol content (49 土 7 mg/kg) was 
detected in the dust from the conference room in Castle Peak Road collected in Sep 
2006, while the lowest (6 土 9 mg/kg) was detected in the dusts from the quality 
surveyor room in the contractor site office in Tsing Yi and the surveyor room in 
Castle Peak Road collected in Sep 06. The highest ochratoxins content (510 |ig/kg) 
was detected in the dust from the conference room in Castle Peak Road collected in 
• Sep 2006, while the lowest (67 土 95 |ig/kg) was detected in the dust from the site 
officer room 1 in the contractor site office in Tsing Yi collected in Dec 2006. Some 
samples were not sufficient for this assay. It was because in these locations, the 
amounts of dusts settled on the filters of the air-conditioners were small. 
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Table 3.32 The contents of three mycotoxins (aflatoxins，deoxynivalenol and 
ochratoxins) in the dust samples collected in Sep 2006, Dec 2006 and Mar 2007. 
Alfatoxins Deoxynivalenol Ochratoxins 
(Hg/kg) (mg/kg) (Hg/kg) 
Dust collected in Sep 2006 
T Y G/F lobby Not sufficient dust sample 
T Y 1/F lobby Not sufficient dust sample 
T Y site officer room 1 175 8 279 
T Y site officer room 2 103 12 217 “ 
T Y site accountant room 299 ^ 248 
T Y quality surveyor room 93 6 117 
T Y conference room 100 25 231 
T Y pantry Not sufficient dust sample 
T Y surveyor room 263 43 77 
CP conference room 100 — 49 — 273 
CP panti7 LP" LDb 一 510^  一 
CP surveyor room 86 6 259 
Dust collected in Dec 2006 
T Y pantry 256 12 145 
T Y site officer room 1 319 14 67 
T Y site accountant room 442 34 140 
Dust collected in Mar 2007 
(Government site office) 
Assistant engineer room 254 9 395 
Pantif 209 21 374 
Secretary room 234 12 373 
a: only one replicate was done due to insufficient sample 
b: lower than the detection limit of the kits (detection limit for aflatoxins was 4 ppb; 
for deoxynivalenol was 0.25 ppm; and for ochratoxins was 2 ppb) 
"TY" represents "Tsing Yi" and "CP" represents "Castle Peak Road". 
3.2.3.2 Mycotoxin citrinin contents and the organic profiles of the dust samples 
determined by GC-MS 
The citrinin contents of the dust samples collected from the sites were 
determined by the selected ion monitoring (SIM) mode of GC-MS. Also, the organic 
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components of dust samples were determined by the scan mode of GC-MS. 
The SIM mode of GC-MS was used to detect the presence of citrinin. Signals 
were detected at m/z 220，205, 177，105 and 91 (Figure 3.12). The detection limit for 
citrinin in the dust sample was 20 ppm. However, no signal was detected in the dust 
samples. As an example of the results obtained, the chromatograph of the dust from 
the site accountant room in Tsing Yi was shown (Figure 3.13). In other words, there 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Scan mode of the GC-MS was used to analysis the organic components in the 
dust samples. The organic matters were identified by the Mass Spectral Library, 
NIST05. Totally, 12 dust samples were tested. The DEHP amounts and the organic 
compounds identified in the dust samples by GC-MS were presented in Table 3.33. 
The chromatographs of the dust samples are shown in Figure 3.14 - 3.25. From the 
result (Table 3.33), plasticizers were found in all tested samples. At least 5 kinds of 
plasticizers were identified in the dusts samples. They were Di(2-ethylhexyl) 
phthalate (DEHP), Diethyl Phthalate, Dibutyl phthalate, Dinoctyl phthalate and 
1,2-Benzenedicarboxylic acid. Four out of 12 tested samples contained DEHP. The 
amounts of D E H P in the dust samples were quantified by comparing with the 50 ppm 
and 100 ppm DEHP solution standards. The dust collected from the assistant 
engineer room of the government site office contained the highest amount (27.8 
mg/kg) of DEHP. Beside the plasticizers, other organic compounds such as 
nonadecane were found in the dust samples. 
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Table 3.33 Organic compounds identified in the dust samples by GC-MS. 
Plasticizer: Volatile 
Di(2-ethylhexyl) Other plasticizers organic 
phthalate identified compounds 
(DEHP) (mg/kg) identified 
Dust collected in Sep 06 
T Y G/F lobby Not sufficient dust sample 
T Y 1/F lobby Not sufficient dust sample 
T Y site officer 1 5.1 - | -
T Y site officer 2 ^ ^ Diethyl Phthalate Nonadecane 
T Y site accountant room 3.9 -
T Y quality surveyor room Not sufficient dust sample 
T Y conference room Not sufficient dust sample 
“ TY pantry N D 丨 Diethyl Phthalate | -
T Y surveyor room Not sufficient dust sample 
CP conference room N D Diethyl Phthalate -
CP pantry Not sufficient dust sample 
CP surveyor room 1_5J Diethyl Phthalate -
Dust collected in Dec 06 
— T Y pantry N D Diethyl Phthalate -
T Y site officer 1 ^ ^ibutyl ph:hal，te， ： 
Dmoctyl phthalate 
T V .‘ ‘ ‘ XTTA 1,2-Benzenedicarboxylic 
1Y site accountant room N D ., •‘ -
acid 
Dust collected in Mar 07 
(Government's office) 
Assistant engineer room 27.8 - -
Pantry ^ 1,2-Benzenedicarboxylic N。nanal 
acid 
c ‘ 、tt^  1,2-Benzenedicarboxylic 
Secretary room N D ., -
acd 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.2.4 Cytotoxicities of the dust samples 
3.2.4.1 Population growth curves of the cell lines NCI H1299 and MCF-7 
The growth curves of the two cell lines were determined by viable cell count. 
The growth curves of NCI HI 299 and MCF-7 were shown in Figures 3.26 and 3.27 
respectively. 
In Figure 3.26, NCI HI299 viable cell number increased gently from the day 
to the 2nd day. Afterwards, the viable cell number increased sharply from the day 
to the 4th day. Then, the viable cell number was level off and even decreased 
slightly from the day to the day. From the result, NCI HI299 had the lag 
phase from the day to the 2"」day. Then, the exponential phase was found from 
the 2nd day to the 4th day. After that, the cells entered the transitional phase and the 
equilibrium phase from the day to the day. 
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Figure 3.26 The population growth curve of NCI H1299 cells. The number of viable 
cells was determined by the trypan blue cell viability assay. Cells were cultured in 
96-well plate with an initial cell density of 4 x 10^ per well. 
In Figure 3.27, the growth curve of MCF-7 cells was shown. From the day to 
the 2nd day, the viable cell number increased slightly. From the day to the day, 
the viable cell number increased at a higher rate. After that, the viable cell number 
was found to be level off. From the result, MCF-7 had its lag phase from the day 
to the 2nd day. Then, the cells had the exponential phase from the day to the 
day. After that, the cells entered the transitional phase and the equilibrium phase from 
the 5th day to the day. By comparing the growth curve of NCI H1299 (Figure 3.26) 
and MCF-7 (Figure 3.27), it was found that the NCI HI299 cells had a higher growth 
rate and shorter exponential phase than the MCF-7 cells had. 
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Figure 3.27 The population growth curve of MCF-7 cells. The number of viable cells 
was determined by the trypan blue cell viability assay. Cells were cultured in 96-well 
plate with an initial cell density of 4 x 10 per well. 
3.2.4.2 Toxicities of the dust samples on two cell lines 
The extracts of the dust samples were tested for cytotoxicity using two cell lines, 
NCI HI299 and MCF7. In this assay, some dust samples were not tested because 
there were not sufficient sample for the extraction. Each dust extract was tested with 
two concentrations, the higher dose (the original extract) and the lower dose (10'^  
dilution of the original extract). There were 1 negative control (ethanol) and 32 tested 
samples (high and low doses of the 16 dust extracts). The results were presented as 
viable cell count (mean 土 S.D.) in Figure 3.28 (for NCI HI299) and 3.29 (for 
MCF-7). 
In Figure 3.28, sample no. 1 was the negative control. The cells were treated 
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with ethanol. If the tested sample resulted in a higher viable cell count than the 
control, the sample is interpreted to have a stimulating effect on the cell growth. On 
the other hand, if the sample resulted in a lower viable cell count than the control, 
then the sample is interpreted to have a toxic effect on the cells. The data of Figure 
3.28 shows that, although many of the tested samples had lower mean cell counts 
than the control, one-way A N O V A analysis showed that only four samples had the 
viable cell counts significantly lower than the negative control (P < 0.05). These four 
samples were sample no. 6: Tsing Yi contractor's site accountant room (high dose) 
(sample no. 6 in Figure 3.28), 11: Tsing Yi contractor's conference room (low dose), 
12: Tsing Yi contractor's pantry (high dose) and 13: Tsing Yi contractor's pantry (low 
dose). These four samples had toxic effects to the cells. No sample has a significantly 
higher viable cell count than the control. In other words, none of the dust extracts 
stimulated cell growth. 
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Figure 3.28 Viability of NCI HI 299 after 72 hours incubation with the dust extracts. 
*: Sample with significantly lower cell number than the control (student t test, p < 
0.05) 
The sample numbers on the x-axis represent different dust sample extracts as below. 
I Negative Control (ethanol) 2 Tsing Yi contractor's site officer room 1 (high dose) 
3 Tsing Yi contractor's site officer room 1 (low dose) 4 Tsing Yi contractor's site officer room 2 (high dose) 
5 Tsing Yi contractor's site officer room 2 (low dose) 6 Tsing Yi contractor's site accountant room (high dose) 
7 Tsing Yi contractor's site accountant room (low dose) 8 Tsing Yi contractor's quality surveyor room (high dose) 
9 Tsing Yi contractor's quality surveyor room (low dose) 10 Tsing Yi contractor's conference room (high dose) 
I I Tsing Yi contractor's conference room (low dose) 12 Tsing Yi contractor's pantry (high dose) 
13 Tsing Yi contractor's pantry (low dose) 14 Tsing Yi contractor's surveyor room (high dose) 
15 Tsing Yi contractor's surveyor room (low dose) 16 Castle Peak Road contractor's conference room (high dose) 
17 Castle Peak Road contractor's conference room (low dose) 18 Castle Peak Road contractor's pantry (high dose) 
19 Castle Peak Road contractor's pantry (low dose) 20 Castle Peak Road contractor's surveyor room (high dose) 
21 Castle Peak Road contractor's surveyor room (low dose) 22 Tsing Yi contractor's pantry (Dec 06) (high dose) 
23 Tsing Y i contractor's pantry (Dec 06) (low dose) 24 Tsing Yi contractor's site officer room 1 (Dec 06) (high dose) 
25 Tsing Yi contractor's site officer room 1 (Dec 06) (low dose) 26 Tsing Yi contractor's site accountant room (high dose) 
27 Tsing Yi s contractor's ite accountant room (low dose) 28 Government site office's assistant engineer room (high dose) 
29 Government site office's assistant engineer room (low dose) 30 Government site office's pantry (high dose) 
31 Government site office's pantry (low dose) 32 Government site office's secretary room (high dose) 
33 Government site office's secretary room (low dose) 
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From the data of Figure 3.29, the sample no.l was the negative control. 
One-way A N O V A analysis showed that the viable cell counts of sample no. 11: Tsing 
Yi contractor's conference room (low dose) (sample no. 11 in Figure 3.29), 12: Tsing 
Yi contractor's pantry (high dose), 13: Tsing Yi contractor's pantry (low dose) and 30: 
Government site office's pantry (high dose) were significantly lower than the 
negative control (P < 0.05). That means these samples had toxic effects to the cells. 
And again, no sample has a significantly higher viable cell count than the control. It 
was found that all the samples with toxic effects were collected from the site offices 
in Tsing Yi (Figures 3.28 and 3.29). Besides, NCI H1299 and MCF-7 had different 
responses to the dust extracts. The sample no. 6 was found toxic to NCI HI299 but 
not to MCF-7 while it was reversed for the sample no. 30. However, three samples 
were found to have toxic effects to both NCI HI299 and MCF-7 cells. They were 
sample no. 11, 12 and 13. Some dust extract only exerted the toxic effect to the cells 
at the low dose but not at the high dose, for example, sample no. 10 (Tsing Yi 
contractor's conference room (high dose)) and 11 (Tsing Yi contractor's conference 
room (low dose)). It might be due to the effects of various unknown compounds. 
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Figure 3.29 Viability of MCF-7 after 96 hours incubation with the dust extracts. 
*: Sample with significantly lower cell number than the control (student t test, p < 
0.05) 
I Negative Control (ethanol) 2 Tsing Yi contractor's site officer room 1 (high dose) 
3 Tsing Yi contractor's site officer room 1 (low dose) 4 Tsing Yi contractor's site officer room 2 (high dose) 
5 Tsing Yi contractor's site officer room 2 (low dose) 6 Tsing Yi contractor's site accountant room (high dose) 
7 Tsing Yi contractor's site accountant room (low dose) 8 Tsing Yi contractor's quality surveyor room (high dose) 
9 Tsing Yi contractor's quality surveyor room (low dose) 10 Tsing Yi contractor's conference room (high dose) 
I I Tsing Yi contractor's conference room (low dose) 12 Tsing Yi contractor's pantry (high dose) 
13 Tsing Yi contractor's pantry (low dose) 14 Tsing Yi contractor's surveyor room (high dose) 
15 Tsing Yi contractor's surveyor room (low dose) 16 Castle Peak Road contractor's conference room (high dose) 
17 Castle Peak Road contractor's conference room (low dose) 18 Castle Peak Road contractor's pantry (high dose) 
19 Castle Peak Road contractor's pantry (low dose) 20 Castle Peak Road contractor's surveyor room (high dose) 
21 Castle Peak Road contractor's surveyor room (low dose) 22 Tsing Yi contractor's pantry (Dec 06) (high dose) 
23 Tsing Yi contractor's pantry (Dec 06) (low dose) 24 Tsing Yi contractor's site officer room 1 (Dec 06) (high dose) 
25 Tsing Yi contractor's site officer room 1 (Dec 06) (low dose) 26 Tsing Yi contractor's site accountant room (high dose) 
27 Tsing Yi s contractor's ite accountant room (low dose) 28 Government site office's assistant engineer room (high dose) 
29 Government site office's assistant engineer room (low dose) 30 Government site office's pantry (high dose) 
31 Government site office's pantry (low dose) 32 Government site office's secretary room (high dose) 
33 Government site office's secretary room (low dose) 
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4. Discussion 
4.1 Airborne fungi in the workplace 
4.1.1 Biodiversity of airborne fungi collected in the two storage rooms 
The selection of sampling methods and the sampling conditions were important 
in the assessment of airborne fungi. Although there was standardized protocol for the 
assessment of airborne fungi recommended by USEPA (http://www.epa.gov/), it was 
only suitable in large offices with centralized ventilation system. Since the lack of 
information, the assessment of airborne fungi has not been standardized in different 
types of environments (Portony, 2004), in this project, four sampling methods of 
either passive or active sampling methods, were tested in two storage rooms. The 
storage rooms were selected for study first because human activities could affect the 
airborne fungi (Rainer et al” 2000). Among the different types of workplace, the 
storage rooms had less human activities. Furthermore, no has entered the rooms 
during the monitoring period. Hence, the airborne fungi of the storage rooms were 
collected with the minimum disturbance from human activities. Besides, the tests 
were done in two storage rooms to investigate whether the change of the 
experimental site would change the biodiversity of airborne fungi collected. When 
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the two passive sampling methods were used in the two storage rooms, they were put 
side by side. It was important to do so because it ensured that they collected the 
airborne fungi in the same spot of area (micro-habitat). For the same reason, the 
inlets of the two active sampling methods were also put side by side (Wathes et al., 
1997; Seixas et al., 2001; Tdvora et al.，2003). 
4.1.1.1 Comparison between the airborne fungi in the two storage rooms 
collected by the two passive sampling methods 
4.1.1.1.1 Abundance of airborne fungi in the two storage rooms collected by the two 
passive sampling methods 
The two passive sampling methods used were the collector with preservative 
and the collector plate. The former collects the airborne fungal samples into a 
preservative (1% glycerol) and the later collects the airborne fungal samples on a 
agar plate directly. The airborne mold and yeast abundances collected by the 
collector with preservative were higher than that collected by the collector plate in 
the mushroom house go-down (Table 3.1) and the storage room of the contractor's 
site office in Tsing Yi (Table 3.2). It was because airborne fungi were collected in the 
preservative rather than on the agar surface directly. It had a dilution effect so that the 
collector with preservative could prevent fungi from overgrowth in the culture 
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medium (Willeke et al., 1993). Moreover, it prevented the effect of 
"first-come-first-grow" (the first comer colonized the agar surface) in the collector 
plate. 
Tables 3.1 and 3.2 also show that the collector with preservative could collect 
more yeasts than the collector plate. It was because the yeasts were more sensitive to 
dehydration than mold cells (Reponen et al., 1999; Portnoy et al., 2004; Tavora et al., 
2003). In the collector plate, the agar plate was exposed to the air and the water in the 
agar would dry up quickly which was not favorable for the yeast growth. 
In the results (Tables 3.1 and 3.2), no matter which passive sampling methods 
was used, the mold and yeast abundances collected in the four sampling spots in the 
same room (the mushroom house go-down and the storage room in Tsing Yi) were 
different. It indicates that the airborne fungi of a micro-habitat could vary a lot. 
Different areas would provide different habitats (e.g. different light intensities, food 
sources) even in a room. 
For the two storage rooms (Tables 3.1 and 3.2)f the collector with preservative 
collected more mold and yeasts than the collector agar. Thus the former passive 
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method with reliable performance was chosen for further use. 
4.1.1.1.2 Species richness and composition of airborne fungi in the two storage 
rooms collected by the two passive sampling methods 
The number of species collected by the collector with preservative was higher 
than the collector plate in the mushroom house go-down (Table 3.3) but the result 
was reversed in the storage room in Tsing Yi (Table 3.4). Thus there was no 
consistent performance on species richness by the two passive methods. As 
mentioned in section 4.1.1.1.1, the collector plate would provide a dry environment 
for the fungi collected. Therefore, it could only collect the dry-tolerant species but 
not the non-tolerant one, such as yeast species (Reponen et al., 1999; Portnoy et al., 
2004; Tavora et al., 2003). Hence, different species would be collected by the 
collector with preservative and the collector plate even in the same room (Tables 3.3 
and 3.4). In comparison, the collector with preservative was good at collecting both 
mold and yeasts (Tables 3.3 and 3.4). 
For the species compositions collected in the mushroom house go-down (Table 
3.3), all the species collected by the two passive sampling methods were common 
indoor airborne fungi (Samson, 2005). The dominant species collected by the 
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collector with preservative were Trichoderma harzianum and Penicillium expansum 
and that collected by the collector plate was Cladosporium cladosporioides. The 
relative abundance for C. cladosporioides was 99% in the collector plate. However, 
it was only 1% in the collector with preservative. The huge difference was due to the 
preservative which could preserve different fungal species and allow them to grow 
only when the cultures were spread onto nutrient medium but the collector plate 
enabled the viable fast-growing fungal isolates to start growth once arrived on the 
agar plate; i.e. the first comer would have the advantage to dominate and propagate 
on the agar plate. 
The collector with preservative sampled Aureobasidium pullulans and 
Rhodotorula mucilaginosa both of which were not found in the collector agar (Table 
3.3). A. pullulans is a "yeast-like" mold species which is less tolerant to water loss 
than other mold species (Samson, 2005). R. mucilaginosa is a yeast species. Both 
fungi could not tolerate a dry environment. Therefore, they were only found in the 
collector wither preservative but not in the collector plate. One species was collected 
by the collector plate but not by the collector with preservative, it was Aspergillus 
ochraceus (Table 3.3). It might be because A. ochraceus could tolerate the dry 
growing environment. 
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The species composition collected in the mushroom house go-down (Table 3.3) 
was different from the storage room in Tsing Yi (Table 3.4). It was because different 
environment would provide different habitats for fungi. The storage room in 
mushroom house was used for keeping solid substrates for growing mushrooms, e.g. 
straw, sawdust while the Tsing Yi storage room was used for keeping instruments. In 
the storage room in Tsing Yi, two basidiomycetes, Phanerochaete sordida and 
Schizophyllum commune were collected and they were usually found in open wild 
areas, producing mushrooms. Besides, the dominant species found by the collector 
with preservative was Rhodotorula glutinis (a yeast) and that found by the collector 
plate was Aspergillus niger (a mold) (Table 3.4). In addition, the collector with 
preservative collected two yeast species while the collector plate only collected one 
yeast species (Table 3.4). These indicated that the collector with preservative had the 
advantage in collecting yeast species. 
4.1.1.1.3 Species diversity of airborne fungi in the two storage rooms collected by 
the two passive sampling methods 
In analysis of the species diversity, two diversity indices were used; they were 
the relative Shannon-Weaver index and the Simpson's diversity index. From Table 
3.5, both indices show that the collector with preservative could collect a higher 
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species diversity than the collector plate in the mushroom house go-down. In the 
Tsing Yi storage room (Table 3.6)，it was found that the species diversity was higher 
in the collector plate than in the collector with preservative. For species evenness, 
from Table 3.3, Cladosporium cladosporioides had an extremely high relative 
abundance (> 99%) in the samples of the collector plate in the mushroom house 
go-down. Therefore, the fungal diversity found by the collector plate was lower than 
the collector with preservative (Table 3.5). In the storage room in Tsing Yi, yeast 
species were dominant in the species community (Table 3.4). One of the yeast 
species, Rhodotorula glutinis, had a very high relative abundance (> 66%) in the 
samples collected by the collector with preservative. Thus, the fungal diversity found 
by the collector with preservative was lower than the collector agar in the storage 
room in Tsing Yi (Table 3.6). 
Using the abundance, species richness and species diversity as the criteria, the 
collector with preservative was a better sampling method than the collector agar. 
Although it is more convenient to use the collector agar, the collector with 
preservative (spreading of the inoculum onto agar plate is needed) could sample 
different kinds of fungi，both mold and yeasts. Thus, it can give a more complete 
picture on the fungal community. 
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4.1.1.2 Comparison between the airborne fungi in the two storage rooms 
collected by the two active sampling methods 
4.1.1.2.1 Abundance of airborne fungi in the two storage rooms collected by the two 
active sampling methods 
The two active sampling methods used collected the airborne fungal samples 
into preservative (1% glycerol). Different from collecting airborne fungi by filtering, 
no filter was used in these two methods. Thus, the problem of blocking the filters 
would not occur during sampling. From the results (Figures 3.1 - 3.7)，the fungal 
(mold and yeast) abundances in the two storage rooms collected by the active 
sampling methods were changed with the change of the time for collection. Figure 
3.1 shows the abundances of airborne mold collected by the stationary biosampler in 
the go-down of the mushroom house. The abundances collected at different sampling 
times (time for collection) by the three trials were similar. From the pattern of the 
graph (Figure 3.1), the mold abundances increased when the sampling time increased 
from 0.5 - 3 hours. It was due to the increase in sampling time would increase the 
chance to collect the mold from the sources (contaminated area) (Reponen et al., 
1999). However, when the sampling time was further increased (from 3 - 8 hours), 
the blowing action would cause cell death by the mechanical stress. Also, the splash 
out of the collecting medium would disperse the medium into droplets and 
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reaerosolize some of collected particles and the particles would escape through the 
outlet (Reponen et al., 1999). There was an extra sampling time (17 hours) tested for 
the stationary biosampler. It served as the overnight sampling. The result (Figure 3.1) 
shows that the mold abundance would be higher when compared with the mold 
abundances collected for 8 hours. It was because the sampling time was long enough 
to compensate the loss due to the blowing action. 
The pattern of the graph for the fungal abundances collected by the stationary 
biosampler in the storage room in Tsing Yi (Figure 3.7) was similar to that for the 
mushroom house go-down (Figure 3.1). The difference was the maximum (the peak) 
of the fungal abundance collected shifted (Figure 3.1) from 3 hours to 4 hours 
(Figure 3.7). Therefore, it was believed that the stationary biosampler could collect 
the highest abundance when the sampling time was at 3 to 4 hours. 
The sampling performance of the stationary biosampler was tested by Reponen 
and his colleagues (Reponen et al., 1999). In their study, the airborne fungal 
abundance collected would decrease gently when the sampling time was increased 
from 0.5 to 4 hours steadily. The difference between their finding and mine was 
probably due to the preservative (collecting medium) used. In their study, heavy 
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white mineral oil was used while in my study, 1% glycerol was used. Mineral oil is a 
medium-term preservative used in culture storage, arresting cell growth with 
introducing mortality to some cells while 1% glycerol is at the physiological osmotic 
solution for microbial cultures and thus does not harm cells. Further, the viscosity of 
1% glycerol is similar to that of water in contrast to the high viscosity with mineral 
oil which makes pipetting and standardization of volume difficult to operate. 
The fungal abundances collected by the portable biosampler were lower than 
that collected by the stationary biosampler (Figures 3.1 & 3.2). For the portable 
biosampler, the mold abundances (Figure 3.2) collected in the mushroom house 
go-down decreased with time. The mold abundance had the highest at 0.5 hour (the 
ist trial) or 1.5 hours (the and 3犷」trial). Then the abundances collected decreased 
with the increase of the sampling time. This was also due to the loss of viable fungal 
cells by the blowing action. The pattern of the graph found in the storage room in 
Tsing Yi (Figure 3.7) was very different from the mushroom house go-down (Figure 
3.2). The fungal abundances collected increased when the sampling time increased 
from 1.5 to 3 hours. Then, it decreased from 3 to 6 hours. Afterwards, it increased 
sharply from 6 to 8 hours. The different patterns collected in the two storage rooms 
may be due to the different airborne fungal communities. Different fungal species 
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could tolerate different extents of mechanical stress and drying. For example, the 
spores of Cladosporium spp. have thicker cell walls when compared with Penicillium 
spp. (Samson, 2005) so that the thicker cell walls can provide better protection to the 
spores. For the portable biosampler, from Figures 3.2 and 3.7, the performance on the 
fungal abundances was more stable when the sampling time was shorter than 4 
hours. 
Two-way A N O V A was used to analyze the effect of two factors (sampling time 
and the two biosamplers) on the fungi, mold and yeasts collected in the mushroom 
house go-down. For the fungal and yeasts concentrations, there was no significant 
effect from the two factors, and there was no interaction between these two factors. 
For the mold concentration, there was a significant effect from the sampling time (p 
< 0.05) and the biosampler used (p < 0.05). 
Yeasts were not usually collected by the active sampling methods. It might be 
because more yeasts cells were killed by desiccation than mold cells (Reponen et al., 
1999; Tavora et al., 2003; Portnoy et al., 2004). In the two storage rooms, the mold 
collected were much more than the yeasts. For example, the highest mold abundance 
collected by the stationary biosampler in the mushroom house go-down was 53,981 
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cfu/m^ (Figure 3.1), while the highest yeast abundance was 5,185 cfu/m^ (Figure 3.3) 
only. However, from Figure 3.4, an extremely high abundance of yeasts was 
collected by a 0.5 hour sampling using the portable biosampler. It might be due to the 
collection of highly contaminated substances, such as insects and bugs which 
occurred incidentally. 
4.1.1.2.2 Species richness and composition of airborne fungi in the two storage 
rooms collected bv the two active sampling methods 
The number of species collected by the stationary biosampler in the mushroom 
house go-down (Table 3.7) shows that the number of species collected would 
increase with the sampling time as it allowed a longer time for accumulating 
different fungal species. However, the longer sampling time would increase the 
mechanical stress and increase the chance to splash away the particles through the 
outlet (Reponen et al., 1999). Therefore, the species number would decrease if the 
biosampler could not maintain a highly constant blowing action. This explained why 
the species collected by the portable sampler decreased and then increased (Table 
3.7). 
The finding on the number of species collected in the storage room in Tsing Yi 
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was different from the mushroom house go-down. In the storage room in Tsing Yi 
(Table 3.8), the number of species collected by the two biosamplers were increased 
and then decreased with the sampling time increased. The difference was due to the 
difference between the airborne fungal communities in the two storage rooms. Some 
fungal species, such as Cladosporium cladosporioides could be found no matter the 
sampling time was long or short (Tables 3.9 and 3.10). However, the fungus, 
Penicillium expansum, was only found when the sampling time was shorter (< 3 
hours). 
It was found that the longer sampling time could collect more fungal species if 
the biosampler could maintain low mechanical stress and few splashes out conditions. 
However, the number of species collected was also affected by the fungal community 
in an environment. Different fungal species had different abilities to tolerate the 
mechanical stress and the drying. From the results (Tables 3.7 and 3.8), it was found 
that the stationary biosampler could collect the highest number of species at the 
longest sampling time (17 hours) in the mushroom house go-down. 
The fungal communities found in the two storage rooms were different (Figures 
3.9 and 3.10). The dominant species collected in the mushroom house go-down were 
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C. cladosporioides and Stagonospora sp. C. cladosporioides is a common airborne 
fungus in both indoor and outdoor (Samson, 2005). Thus it could be found in large 
amount. Besides, the spores of it had a relatively thicker cell wall when compared 
with other common airborne fungi, such as Aspergillus spp and Penicillium spp 
(Samson, 2005). Thus, it could tolerate the blowing action of the active sampling and 
survive after a long term sampling. Stagonospora sp. is a plant pathogen that is 
commonly found in cereals and wheat causing leaf spot or blotch of grasses 
(Division of Agriculture, University of Arkansas, http://www.uaex.edu). The 
abundance of it was very high although it was not a common airborne fungus. This 
could be explained by the fact that the mushroom house had stored some cereals and 
wheat during the sampling period. The dominant species collected in the storage 
room in Tsing Yi was Fusarium sporotrichioides. It was a common indoor airborne 
fungus and it was a plant pathogen (Samson, 2005). The high abundance of this 
fungus might be due to the plants around the contractor's site office that provided 
food source to the fungus. 
4.1.1.2.3 Species diversity of airborne fungi in the two storage rooms collected by 
the two active sampling methods 
The relative Shannon-Weaver index and the Simpson's diversity index found in 
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the mushroom house go-down are shown in Table 3.11. Both indices reflected the 
changes of the species diversity consistently. After a long time sampling, only the dry 
tolerant species would survive and would have large relative abundances. Although 
there were some "late-comer" species which contributed a portion of species 
composition, they would not have large abundances. This explained the trend found 
in the stationary biosampler. For the portable biosampler, the fluctuation was due to 
the fact that many species could not survive in the portable biosampler. Similar 
findings were observed in the storage room in Tsing Yi (Table 3.12). From the results 
of the two storage rooms, the two diversity indices could reflect the airborne fungal 
diversity consistently in many cases. However, in the storage room in Tsing Yi, the 
relative Shannon-Weaver index showed difference between the samples from the 3 
and 4 hours sampling for the stationary biosampler while the Simpson's diversity 
index did not. It was because the calculation methods of the two indices were 
different. In calculating the Simpson's diversity index, the "unknown" was not 
counted into the community while it was taken in calculating the relative 
Shannon-Weaver index (Kiihl et al, 1999; Tiquia et al., 2005). 
By the three parameters, the abundance, species richness and species diversity, 
the stationary biosampler showed better performance to collect the airborne fungi 
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than the portable biosampler. It was also found that the sampling time was a very 
critical factor affecting the parameters. For the stationary biosampler, in order to 
collect the highest abundance, 3 to 4 hours should be used. For portable biosampler, 
a shorter sampling time (0.5 hour) would be better. However, the length of the 
sampling time should be changed according to the purpose of sampling. For example, 
when we are going to collect different fungal species, a long sampling time (e.g. 17 
hours) should be used for the stationary biosampler. Also, other factors, such as 
convenience and electric supply, should also be considered when choosing a sampler. 
4.1.1.3 Comparison between the airborne fungi in the two storage rooms 
collected by the passive and active sampling methods 
It is not proper to compare the abundance collected by the active sampling 
methods and the passive sampling methods. It was because they were expressed in 
different units, cfu/m^ and cfu/hr respectively. However, both of the active and 
passive sampling methods show that the airborne fungal abundance was higher in the 
mushroom house go-down which was heavily used for storage than the storage room 
in Tsing Yi where the usage was low. For the species collected, the passive method of 
using preservative had an advantage in collecting yeasts species when comparing 
with the collector plate. Both the passive sampling methods and the active sampling 
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methods could sample both yeasts and molds in contrast the previous report by 
Portnoy and colleagues (2004). The species number and species diversity of the 
active sampling methods changed with the sampling time. Thus most conventional 
sampling for airborne bacteria using brief sampling time at high pressure, e.g. 3 
minutes at 28.3 L/min in a study (Adhikari et al, 2004), but it does not apply well 
with airborne fungi. The standardized protocol for sampling centralized ventilated 
large offices by USEPA specified the time in the morning or afternoon for sampling. 
The similar active sampling method does not help get a full representation for the 
airborne fungal community as indicated in Tables 3.9 and 3.10. 
When the sampling time for the stationary biosampler was increased to 17 hours, 
the same as passive sampling, the species number collected was 12 and the relative 
Shannon-Weaver index was 0.08 (Table 3.11). It had a higher number of species but 
a lower relative diversity index than the collector with preservative (species number: 
5, relative index: 0.52) (Table 3.5). The large species number collected in active 
sampling method was due to the longer sampling time to accumulate different 
species. However, by the same reason, many fungal species were very low in 
abundances, i.e. the surviving individuals of a low-medium sensitive species to the 
blowing action were few with prolonged sampling. As a result, the species evenness 
�179 
and diversity reflected by the relative Shannon index became low. 
4.1.1.4 Conclusion on the study in the two storage rooms 
The stationary biosampler used as an active sampling method had an optimum 
sampling time for the fungal abundance at 3 to 4 hours, and that for the portable 
biosampler was from 0.5 to 1.5 hours. The stationary biosampler which designs for 
sampling a large area can collect a higher fungal count, species diversity and species 
number than the portable one which is a personal sampler in design. However, it is 
more convenient in using the portable biosampler as it could be used with a charged 
battery, light weight, be placed in any selected area for sampling and generated less 
noise in operation. For the passive sampling methods, it was much cheaper than the 
active sampling methods. Therefore, more sampling locations could be selected to 
serve as replicates to reflect the differences in different function rooms of a 
workplace. In this study, pantry, conference room, officers' rooms were included. 
However, the result from these methods could not be used to compare with the other 
published studies which base on active sampling methods to represent airborne 
micro-organisms. As a result, this single study could not be used in setting guidelines 
(Gutarowska & Piotrowska et al., 2007). The collector with preservative is 
considered as a better method rather than the collector plate. It is because collector 
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with preservative can prevent the overgrowth of one isolate. Moreover, the collector 
with preservative can sample yeasts while the collector plate cannot. Nevertheless, 
the species composition of the active and passive methods was not identical (e.g. 
Tables 3.7 and 3.10). 
In brief, in order to make sound comparison with published results, in this study 
active sampling methods were used, using stationary biosampler for indoor sampling 
and portable sampler for outdoor sampling. In addition, passive sampling method 
using the collector with preservative to sample individual rooms where do not fulfill 
the guideline of open space for using active samplers. 
4.1.2 Airborne fungal surveys in the two construction workplaces 
The airborne fungal surveys of the two construction workplaces were conducted 
four times. The four surveys were scheduled in four seasons (Dec 2005, Mar 2006, 
Jim 2006 and Jul/Aug 2006) at the beginning. The contractor's site office in Castle 
Peak Road was demolished in Sep 2006 while the contractor's site office in Tsing Yi 
was delayed and finally demolished in Mar 2007. Besides, the dusts in the 
air-conditioners of the site offices in Tsing Yi and Castle Peak Road were collected 
for investigation. 
�181 
4.1.2.1 Airborne fungi sampled in the two construction workplaces 
4.1.2.1.1 Relative humidity and temperature recorded in the two construction 
workplaces 
Water availability and temperature are critical environmental factors controlling 
microbial growth indoors (Chao et al., 2002). Water availability is usually measured 
as water activity, the amount of water available for fungal growth in a substrate 
(Samson, 2005). Most fungi grow well when the water activity is higher than 0.9 and 
the temperature is within 20 and 30°C. Therefore, relative humidity and ambient 
temperature were measured in indoor and outdoor environments in each survey. 
Table 3.13 shows that these two environmental factors were similar in the last 3 
surveys. And the lowest relative humidity and temperature were found in the 
survey (Dec 2005). From the result, it was found that the indoor relative humidity 
fluctuated with the outdoor and could increase to 73%. It indicates that the 
air-conditioners installed in these two site offices did not control the humidity in the 
air. The indoor temperature also fluctuated with the outdoor air temperature. 
Air-conditioning was only turned on when the indoor temperature was felt high as 
most office rooms in the site office had individual window-type air-conditioners. The 
indoor temperature was always kept at lower than 25 °C. 
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4.1.2.1.2 Correlation between the two environmental factors and the abundance of 
airborne fungi collected 
Some studies showed that the airborne fungal abundance would correlate with 
the relative humidity and the ambient temperature (Chao et al., 2002). These 
correlations were not observed in my study. These contrasting findings were also 
found by a study in US (Chao et al., 2005). The reason for that was beside relative 
humidity and temperature, there are other factors, e.g. growing substrates, affecting 
the airborne fungi abundance significantly and masking these correlations. 
From Tables 3.14 and 3.15, it is found that there was no correlation between the 
airborne fungal abundance and the relative humidity or the ambient temperature. Yet 
more yeasts were consistently sampled in the last survey (the hot and wet summer 
time) by the active sampling methods. It was because water is very important for the 
yeast growth, and the yeasts require more water to grow than the molds do (Samson, 
2005). This might cause the yeasts to be more sensitive to the relative humidity and 
temperature. In the last three surveys, the relative humidity was relatively higher (> 
50%) when comparing with the survey (< 30%). Thus, from the results of the 
passive sampling methods (Table 3.14), the yeasts could grow and increase their 
abundance (Figure 4.1). However, this trend was not observed in the outdoor. It was 
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probably because the indoor environment may provide relatively more stable 
conditions for the microbial growth. 
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Figure 4.1 Abundance of indoor airborne yeasts in the four surveys of the two 
construction workplaces. 
4.1.2.1.3 Airborne viable fungi sampled in the two construction workplaces 
4.1.2.1.3.1 Seasonal change of airborne fungi in the two construction workplaces 
The sampling of airborne fungi was done by both passive and active sampling 
methods. The mold, yeast and fungal counts in the four surveys of the two 
construction workplaces are shown in Tables 3.14 and 3.15. According to the 
abundance from each survey, there was no consistent trend or pattern for the seasonal 
change from Tsing Yi and Castle Peak Road. It matches with the observation by 
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Adhikari and his colleagues in India (2004). Similarly, using the biodiversity indices 
as markers, there is no seasonal pattern observed for neither outdoor environment 
and nor indoor environment by both the passive and the active sampling methods 
(Tables 3.21 and 3.22). 
However, there was a huge controversy over the seasonal effect on airborne 
fungi in different studies. For example, there were two studies showing that the 
indoor airborne fungal concentration was higher in the summer or warmer months in 
U.S. and Taiwan respectively (Chao et al., 2002; Chao et al., 2005). However, 
another study in U.S. (Shelton et al., 2002) showed that higher indoor and outdoor 
airborne fungal concentrations were found in fall. Another study in Taiwan (Jen et al., 
2000) found that higher indoor and outdoor airborne fungal concentrations were 
found in the winter, in both urban and suburban regions. These studies show that 
even from the same country, the airborne fungi could have different seasonal 
changes. 
The inconsistent findings about the seasonal effect on fungal abundance might 
be due to the difference in smaller climatic systems. For example, in the winter of 
Hong Kong, the weather is relatively cold (temperature: 17°C) and dry (relative 
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humidity: 60 % ) which is unfavorable for the fungal growth. However, if there is rain 
for one to two days, the relative humidity will increase to very high. It was shown 
that some fungi could sporulate (produce spores) on agar media within 1 to 3 days 
(Wong, 1997). Thus, the two rainy days in the winter may have already provided a 
sufficient condition for the fungal growth and sporulation. This will boost up the 
airborne fungal concentration. Other effects from the small climatic system were also 
mentioned by Chao (Chao et al., 2005). For example, it mentioned the rainfall could 
cause the release of fungal spores by splash and "tap-and-puff' mechanisms. On the 
other hand, rain could remove ambient fungal spores by both rainout and washout 
effect. In my study, it shows that the fungal abundance could vary in different 
locations from the same city (Tables 3.14 and 3.15). 
4.1.2.1.3.2 Comparison on the viable airborne fungal abundance collected in the two 
construction workplaces 
The overall indoor and outdoor fungal abundances collected by the passive 
sampling method were 15 土 9 cfu/hr and 37 + 25 cfu/hr in Tsing Yi and 16 土 4 cfu/hr 
and 150 土 136 cfu/hr in Castle Peak Road, respectively. The abundance of indoor 
airborne fungi was similar in the two sites. For the outdoor airborne fungi, the 
workplace in Castle Peak Road had a higher count than that in Tsing Yi. It might be 
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due to the presence of more plants and vegetations around the construction site office 
in Castle Peak Road than that in Tsing Yi. Plant material is the primary fungal source, 
and it will alter the concentrations/ compositions of airborne fungi (Chao et al., 2005). 
Also, the higher degree of human activities (more than 10-fold workforce) in Castle 
Peak Road might contribute a higher airborne fungal count (Rainer et al., 2000). In 
comparison, the indoor airborne fungal count in the mushroom house go-down was 
higher than the two construction workplaces (Table 3.1). The indoor airborne fungal 
count in the storage room was similar in range with the overall value for the Tsing Yi 
workplace (Table 3.2). Again, the mushroom growing substrates of the plant material 
in nature affect the mushroom house go-down to have higher airborne fungal count. 
The overall indoor and outdoor fungal abundances collected by the active 
sampling method were 168 土 204 cfu/m^ and 6，125 土 4,171 cfu/ m^ in Tsing Yi and 
366 ± 311 cfu/m^ and 3,500 ±3,317 cfu/m^ in Castle Peak Road, respectively (Table 
3.15). The abundance of indoor airborne fungi in Castle Peak Road was slightly 
. higher than that in Tsing Yi. This might be due to the higher human activities and 
hence a higher airborne fungal count in Castle Peak Road than in Tsing Yi (Rainer et 
al., 2000). The indoor airborne fungal concentrations in the two construction site 
offices (Tsing Yi: 29 - 463 cfu/m^; Castle Peak Road: 106 - 789 cfu/m^) were not 
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high when comparing with another study in Hong Kong (Wong, 1997). Findings on 
airborne fiingi from different regions are summarized in Table 4.1. 
r 
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Table 4.1 Summary of abundance of airborne fungi reported in different countries or 
regions. 
Airborne fungi 
Country/ Region Sampling Site , Reference 
(cfu/m ) 
Finland Mold damaged home <100 Salonen et al., 
(Subarctic) (indoor) 2007 
Non-mold damaged <10 
home (indoor) 
Australia Hospital corridor About 400 Rainer et al., 2000 
(Temperate) (indoor) 
Lithuania Free of mold home 53 - 142 Grinshpun et al., 
(Temperate) (indoor) 2006 
Outside free of mold 17-355 
home (outdoor) 
U.S. Large size office 1-618 Chao et al., 2002 
(Temperate) (indoor) 
Hong Kong Domestic (indoor) 240 -3394 Wong, 1997 
(Subtropical) Non-domestic (indoor) 74 - 2780 
outdoor 134-788 
Korea Hospital (indoor) 277-474 Kim & Kim，2006 
(temperate) Childcare centre 213 - 575 
(indoor) 
Elderly welfare facility 151-428 
(indoor) 
Maternity recuperation 176-386 
centre (indoor) 
Korea Pet shop (indoor) 18 - 2009 Jo et al., 2006 
(Subtropical) Clinic (indoor) 18 — 666 
Flower garden (outdoor) 724 一 14799 
Southern Taiwan Urban home (indoor) 1461 - 19034 Jen et al., 2000 
(Subtropical) Outside urban home 1813-23342 
(outdoor) 
Suburban home (indoor) 2455-21720 
Outside suburban home 2361 - 20130 
(outdoor) 
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Hong Kong locates in the subtropical region. It is noticed that the airborne 
fungal abundance changes across the regions (subtropical > temperature > subarctic). 
It is not surprised for this observation. If it is too far away from the equator, the 
temperature will be too low and the rainfall is too little for the airborne fungi to grow. 
There is no regulation on the indoor airborne fungal level. In the Building 
Assessment Survey and Evaluation (BASE) study in U S A (Tsai et al., 2006), the 
authors suggested that the reference level should be set at 200 cfu/m^. From the result 
of my study, the indoor airborne fungi in Castle Peak Road sometimes exceeded the 
level. However, there was no visible mold damage detected throughout the surveys 
and there was no complaint on the mold contamination in Castle Peak Road. Also, 
from Table 4.1, it is obvious that the countries or regions in the subtropical region 
generally have higher background airborne fungi levels than the temperate region. 
Thus, the reference level may not be suitable in the subtropical region. 
The outdoor airborne fungal concentrations in the two construction site offices 
(Tsing Yi: 2,500 - 12,000 cfu/m^; Castle Peak Road: 100 - 8,000 cfu/m^) were much 
higher when comparing with another study in Hong Kong (Wong, 1997). This was 
because there were many construction works in the workplaces. Soilborne fungi may 
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be excavated to become airborne aerosols having the fungi as components. Many of 
the identified airborne fungi are known to be common soilbome fungi, e.g. 
Trichoderma, Fusarium (Samson, 2005). The outdoor airborne fungal abundance 
found in this study was lower than that in the southern Taiwan (Jen et al., 2000). In 
their study, the samples were collected from urban and suburban houses in a city 
where was comprised of certain agricultural activities involving digging of soil and 
planting. The agricultural activities also increase the airborne fungal abundance (Jen 
et al., 2000). There is no guideline on the airborne fungal count but one on the 
airborne fungal spore count set by the National Allergy Bureau in U.S. (Table 4.2) 
(Kathleen, 2001). 
Table 4.2 The National Allergy Bureau guideline for the outdoor air spores 
(countsW), USA. 
Allergen Very low Low Medium High Very High 
Mold spores <500 500- 1000 1000-5000 5000- 10000 > 20000 
The guideline was set according to the allergy effects from the mold spores only. 
There is difference between the mold spores count and the airborne fungal count but 
this guideline still gives some hints for us. Many researchers thought only fungal 
spores existing in the air. The outdoor airborne fungal counts found in two sites were 
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6,125 cfli/m^  (Tsing Yi) and 3,500 cfu/m^ (Castle Peak Road) which fall into "High" 
and "Medium" levels. 
4.1.2.1.3.3 Comparison on the species number and species composition collected in 
the two construction workplaces 
Totally, 66 species from 39 genera were identified from the samples collected 
(Table 3.17). By the passive sampling method, the two construction workplaces had 
similar number of species in indoor environments. However, the species number 
found in outdoor environments was higher in Castle Peak Road office than in Tsing 
Yi office. It was because in Castle Peak Road, there were more people working with 
different types of jobs and they went in and out the construction workplace. These 
activities would bring in different types and species of micro-organisms (Rainer et al., 
2000). By the active sampling method, the two construction workplaces had similar 
number of species in indoor environments. However, the species number outdoor 
was found (Tsing Yi > Castle Peak Road) to be contradictory with the passive 
sampling method. In chapter 4.1, it is shown that the passive and active sampling 
methods had advantages in collecting different fungal species. Thus, it might make 
the difference in the findings from passive sampling method and active sampling 
method. 
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Among the species collected by the passive sampling method, the top ten 
abundant species are listed in Table 3.19. There were many yeasts species such as 
Rhodotorula mucilaginosa, Rhodotorula glutinis and Cryptococcus laurentii, 
collected by the passive sampling method. All of the yeasts species are commonly 
airborne (Samson, 2005). Basidiomycetes also occupied a high proportion of 
abundance. These species might come from the plants around the construction 
workplaces. It is very little report on the abundances of airborne basidiomycetes and 
yeasts as the basidiomycetes are non-sporulating species on agar plate and the yeasts 
are impossible to be identified by morphology. Thus, they could not be identified by 
the colony morphology and the microscopic checking (Adhikari et al, 2004). They 
are generally classified as 'sterile mycelia' and 'yeasts' without identification in 
environmental surveys. Molecular identification must be used to identify these 
species. In my project, these species were found indoor and outdoor environments in 
both workplaces. Other species in the top ten species were common indoor airborne 
fungi except Stagonospora sp. and Leptosphaerulina chartarum. These two species 
are parasitic to plants and causing diseases. Many studies found that the most 
abundant genera for the indoor airborne mold were Cladosporium, Penicillium and 
Aspergillus which were regarded as 'worldwide dominant species' (Wong, 1997; 
Chao et al, 2002; Shelton et al., 2002; Kim & Kim, 2006; Salonen et al., 2007; Tsai 
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et al., 2007). However, it was not true in this study. Although they were commonly 
found, their proportional abundances were not the highest. This might be due to the 
difference between the passive sampling method (a long-time sampling) and the 
active one (a short-time sampling). Also, in this study, molecular identification was 
applied to the non-sporulating commonly encountered mold and the yeasts. Thus the 
relative abundance of the culturable airborne fungal biota is more 'correctly' 
represented. 
From Table 3.20, the top ten abundant species collected by the active sampling 
methods were listed. Most of the top ten abundant species were common airborne 
mold and basidiomycetes. There was no yeast collected as the active sampling 
method was not good at sampling yeasts. Since yeasts were not collected, the 
basidiomycetes became the most dominant group of species. Also, the relative 
abundances of the genera Cladosporium, Penicillium and Aspergillus were much 
higher when compared with the passive sampling method (Table 3.19). 
For the passive sampling method, there was no significant difference in the 
relative Shannon-Weaver diversity among the indoor and outdoor environments and 
among the two sites. However, it was found that there was a relatively lower 
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biodiversity (relative Shannon-Weaver index = 0.53) for the indoor environment in 
Castle Peak Road. It was because the proportional abundance of yeasts was high in 
some surveys in indoor environment of Castle Peak Road. For the active sampling 
method, the species diversity for indoor environment was higher in Castle Peak Road 
site than that in Tsing Yi site, and it was reversed for outdoor environment. It was 
believed that the species diversity was affected by the abundance of plants and 
vegetations and the human activities in the workplaces. The combination of these 
two factors would lead to different diversity and species composition. 
4.1.2.1.4 Comparison between indoor and outdoor airborne fiingi of the two 
construction workplaces 
4.1.2.1.4.1 Comparison on the viable airborne fungal abundance collected in the 
indoor and outdoor environments of the two workplaces 
The outdoor airborne fungal abundance was much higher than the indoor one. 
Although the outdoor environment was relatively more variable than the indoor 
environment, the outdoor air was very dusty. This increased the airborne fungal 
abundance. The outdoor airborne fungi are always considered as the source for the 
indoor airborne fungi. However, there was no correlation between the indoor and the 
outdoor airborne fungal abundances in my study. 
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In my study, the I/O ratios (Table 3.16) were mostly well smaller than 1. This 
means there was no source of fungal propagules and the indoor air quality was 
maintained well (Wong, 1997). However, the yeasts in Tsing Yi collected by the 
passive method had an I/O ratio > 1. This indicates that there were yeast sources in 
the indoor environment. This might be because of the high humidity and warm 
temperature in indoor environment of the site offices. Table 4.3 shows the findings 
on I/O ratio from other studies. 
Table 4.3 A summary of I/O ratios for airborne fungi reported in different countries 
or regions. 
Countries/ Regions Types of buildings I/O ratio Reference 
Lithuania (Temperate) Home 0.38 - 1.71 Grinshpun et al., 2006 
U.S. (Temperate) Office 0.15 Tsai et al., 2007 
U.S. (Temperate) Office 1.1 Shelton et al, 2002 
Hong Kong Domestic 5 Wong, 1997 
(Subtropical) Non-domestic 2 
Korea (Temperate) Hospital 0.56 Kim & Kim, 2007 
Childcare centre 0.72 
Elderly welfare facility 0.33 
Maternity recuperation centre 0.66 
Southern Taiwan Urban home 0.76-0.87 Jen et al., 2000 
(Subtropical) Suburban home 0.91 -1.17 
The I/O ratios found in the two construction workplaces were lower than that 
found in another study in Hong Kong. It might be the difference between domestic 
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site and constriction workplace site. The I/O ratios of the two construction 
workplaces were relative low when comparing with the other studies. This shows 
that the workplace hygiene was kept very well. Thus the indoor airborne fungi could 
not grow well and the outdoor airborne fungi could not survive inside the 
construction site offices. 
4.1.2.1.4.2 Species number and species composition collected in the indoor and 
outdoor environments of the two workplaces 
The most abundant indoor airborne fungi collected by the passive sampling 
method (Table 3.19) was Cryptococcus laurentii and then followed by Pichia 
guilliermondii and Rhodotorula mucilaginosa. They are yeast species. The most 
dominant outdoor airborne fungi collected by the passive sampling method were 
Leptosphaerulina chartarum, Cerrena unicolor and Rhodotorula mucilaginosa. L 
chartarum is a plant parasitic fungus. C. unicolor is a basidiomycete and will form 
mushrooms. R. mucilaginosa is a yeast species. A higher abundance of yeast was 
found in the indoor sample than outdoor sample. It was because the indoor 
environment where could provide higher humidity and stable environment for the 
yeast growth. On the other hand, the fluctuation of the temperature and the relative 
humidity would inhibit the yeast growth. However, the outdoor environment 
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provided different substrates, such as plants and wood, for the plant pathogen (I. 
chartarum) and the mushroom (C unicolor) to grow. It was observed that the indoor 
environment was dominated by yeasts while the outdoor was dominated by plant 
related fungi. 
The findings on the most abundant species by the active sampling methods 
(Table 3.20) were different from the passive sampling method. The most dominant 
indoor airborne fungi were Coprinus radians, Cladosporium sphaerosperum and 
Cladosporium cladosporioides. The most dominant outdoor airborne fungi collected 
by the active sampling method were Cerrena unicolor, Coprinus radians and Mucor 
sp. Coprinus radians and Cerrena unicolor are basidiomycetes. Cladosporium 
sphaerosperum, Cladosporium cladosporioides and Mucor sp. are common airborne 
mold. Coprinus radians found in indoor environments was probably originated from 
the outdoor environments. It was observed that the indoor environment was 
dominated by basidiomycetes and then Cladosporium spp while the outdoor 
environment was dominated by the basidiomycetes and Mucor spp. 
After combining the findings from the two sites, the total numbers of species 
found in indoor environment and outdoor environment were 53 and 65, respectively. 
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The species number was larger in the outdoor environment in the indoor environment. 
It was because the outdoor environment could provide more different substrates and 
habitats for the fungal growth and hence it could support more different species to 
survive. 
To test the degree of similarity in terns if the fungal community composition 
between the indoor and outdoor samples, the data were analyzed using an one way 
analysis of similarity (ANOSIM). The analysis was performed on the species 
abundance for the indoor sample and outdoor sample after square-root 
transformation of abundance data of the four surveys (Wilhelmsson et al., 2006). In 
addition to a significance level (p values), the A N O S I M test yields an absolute value 
for the degree of separation of the indoor and outdoor fungal community through R 
values ranging from 0 to 1 (R > 0.75, well separated; R > 0.5, overlapping but clearlt 
different; R < 0.25, barely separable at all) (Clarke & Gorley, 2006). The analyses 
were conducted using PRIMER V6 software (Clarke & Gorley，2006; Simonini et al., 
. 2004). 
The p value and the R value obtained for the data from the passive sampling 
method were 0.70 and -0.05. The p value, that was smaller than 0.05, indicates that 
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the indoor and outdoor fungal communities could not be separated into two groups 
significantly. Hence, the R value was smaller than 0. The results from the active 
sampling methods (p value = 0.92，R value = - 0.09) also show that there was no 
significant difference between the indoor and outdoor fungal communities. This 
study found that there was no significant difference between the indoor and outdoor 
fungal community compositions. 
The species found in indoor environment could always be found in outdoor 
environment except Acremonium kiliense. This species required a high water activity 
(aw > 0.9) to grow (Samson, 2005). Thus only the indoor environment could provide 
a stable and high water containing environment for it to grow. There are 12 species 
that could be found in outdoor but not in the indoor. They are Aspergillus candidus, A. 
clavatus, Curvularia lunata’ Eurotium amstelodami, Geotrichum sp., Leptograpium 
sp., Myrothecium sp., Penicillium atramentosum, P. glabrum, P. rugulosum, Phlebia 
sp., Sporothrix sp. and Geotrichum sp. Although some of them are claimed as 
common indoor airborne fungi (Samson, 2005), most of them live in soil and 
decaying plants originally. Thus, their abundances and occurrences in the outdoor 
environment were higher than the indoor environment and hence they were easier to 
be collected (Jo and Kang, 2006). Besides, one of them was Leptograpium sp. It is 
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expected that it would only be found in an outdoor environment as it is a parasitic 
fungus which will cause root diseases in trees. 
4.1.2.1.4.3 Species diversity collected in the indoor and outdoor environments of the 
two workplaces 
The overall relative Shannon-Weaver index for the indoor environment was 
0.62 (passive sampling method) and 0.80 (active sampling method) and that for the 
outdoor environment was 0.72 (passive sampling method) and 0.91 (active sampling 
method) (Tables 3.21 & 3.22). The relative diversities were higher in the outdoor 
environment than the indoor environment. The reason for this phenomenon was the 
same as the difference in species number. The outdoor environment could provide 
more different substrates and habitats for the different fungal species to grow. 
Furthermore, the fluctuation of the environmental factors (the relative humidity and 
the temperature) would prevent the over-domination of a few species. In most cases, 
the two diversity indices used, relative Shannon-Weaver index and the Simpson's 
diversity index, could reflect the diversities consistently. However, there were some 
• exceptional cases, for example, in the survey in Tsing Yi, the relative 
Shannon-Weaver index shows that the indoor environment had a higher species 
diversity than the outdoor environment but the Simpson's diversity index shows the 
finding was reversed (Table 3.21). The difference was due to the different calculation 
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methods of the two indices as mentioned in section 4.1.1.2.3 
4.1.2.1.4.4 Properties of the identified fungi collected in the two construction 
workplaces 
The properties related to the health hazards of the airborne fungi identified were 
reviewed. The details are shown in appendix 4. Among them, 61% were claimed as 
common indoor airborne fungi, 43% were plant pathogenic; 78% were allergenic, 
73% were human pathogenic and 42% were mycotoxins producers (toxigenic mold). 
In my sampling, more than half identified species were claimed as common 
indoor airborne fungi. For those which were not common indoor airborne fungi, they 
were usually basidiomycetes, which were seldom identified in other studies, and 
plant-disease causing fungal species, which were of concern in agriculture. Although 
these species might not produce any mycotoxins, they occupied a large proportion in 
airborne fungi composition, and they might be allergenic. Although its health effects 
on human are not clear, it is believed that its spores are allergenic (Kathleen, 2001). 
It was also found that more than 40% identified species were plant pathogenic. 
The percentage is so high because the plants are the primary sources (or food) for 
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fungi (Chao et al., 2005). However, in an indoor environment, fungi could grow on 
different substrates such as papers, woods, wallpapers, paints, foods and even dust 
particles on carpet (Samson, 2005; Kurup et al., 2002). Fungi can grow well and 
disperse their spores into the air and hence becoming airborne fungi. 
The proportion of allergenic fungi was very high, nearly 80%. From the two 
construction workplaces (Tables 3.19 and 3.20), Cladosporium spp always had large 
abundance. This genus could be a health hazard for the workers. As stated in Table 
3.13, the outdoor airborne fungal counts found in two sites were: 6,125 土 4,171 
c f u W in Tsing Yi office and 3,500 ±3,317 cfuW in Castle Peak Road office. These 
values fall into 'medium' to "high" levels (National Allergy Bureau in U.S. for 
outdoor air spores). 
There were 73% species found as human pathogens. The dominant genera 
found in the workplaces, namely: Aspergillus^ Penicillium, Cladosporium, 
Cryptococcus, Pichia and Rhodotorula, were opportunistic infecting agents (Samson, 
2005). The basidiomycetes which also had high abundance will not cause diseases. 
From the species identified, 1 (1%) species was aflatoxins producers, 1 (1%) 
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species was deoxynivvalenol producers, 2 (3%) species were ochratoxins producers 
and 3 (4%) species were citrinin producers. Including other mycotoxins producers, 
there was 43% fungi which could produce mycotoxins. The mycotoxins producers 
will produce mycotoxins when the conditions are favorable. And once they produced, 
the mycotoxins are present in the environment and exert their harmful effects on 
human. Therefore, it is important to maintain a good hygiene, especially in an indoor 
environment, to prevent the production of mycotoxins. From the workplaces, the 
hygiene was good according to the airborne fungal abundance. However, the 
airborne mycotoxins content was an unknown and up to now, there is no guideline 
established for mycotoxins. 
In conclusion, this study sampled the culturable fungi in the air. Thus the 
presence of mycotoxins in air was not determined in this study. An attempt was made 
to collect the airborne dust by 8 hr sampling onto filter connected to a suction pump. 
Unfortunately the dust collected was so scarce that there was no weight difference 
• sampled and the white filter did not appear dark. Among the identified fungi airborne 
in the sampled areas, plant pathogens, human pathogens and allergenic fungi were 
found. According to their relative proportions, the harmful effect of the airborne 
fungi identified was mainly the allergenic effect (80% identified species). 
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Nevertheless, it is important to keep a good environmental hygiene to prevent or 
inhibit the production of mycotoxins. 
4.1.2.2 Relationship between airborne fungal communities of two neighbouring 
offices in the Tsing Yi site 
In the construction workplace in Tsing Yi, there were two site offices, the 
contractor's site office and the government site office. The contractor's site office 
was installed with a green roof. The plants and soil on the green roof could be a 
source for the airborne fungi in the indoor environment of the office. In order to 
investigate this, the soilborne and airborne fungi of the green roof and the indoor 
airborne fungi in the contractor site office and the office nearby (the government's 
office) were sampled. 
4.1.2.2.1 Soilborne and airborne fungi of the green roof and the airborne fungi of the 
contractor site office 
The soil properties of the green roof (Table 3.23) were heterogeneous. The 
soilborne fungal abundance was one-tenth of the soilborne bacterial abundance. Such 
rich soilborne population may be a source of airborne fimgi. From Table 3.24, the 
airborne fungal abundance was higher on the green roof than in the indoor 
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environment of the contractor's site office. It was because there were many plants on 
the roof that served as the primary fungal sources (Chao et al., 2005). The species 
composition found on the roof and in the indoor environment was different (Table 
3.24). Both of them had a high abundance of the yeasts but the most dominant 
species was Cryptococcus laurentii on the roof and was Rhodosporidium toruloides 
in the contractor site office. Also, they had different top three abundant species. They 
were Cryptococcus laurentii, Cladosporium cladospohoides and Penicillium 
italicum on the roof and were Rhodosporidium toruloides, Cladosporium 
sphaerosperum and Cryptococcus laurentii in the contractor site office. It indicates 
that the roof may not provide a major source of airborne fungi in the site office. 
4.1.2.2.2 Indoor airborne fungi collected from the contractor site office and the 
neighboring government site office 
From the result, the contractor site office had a higher airborne fungal 
abundance than the government's site office. It was found that both of the offices 
were dominated by the yeasts. The most dominant species was Rhodotorula 
mucilaginosa in the contractor site office and was Ustilago trichophora in the 
government's site office. The species number collected was also higher in the 
contractor site office. The species diversity was higher in the government site office 
�206 
than in the contractor site office (Table 3.27). It was because the contractor site 
office was dominated by few yeast species (Table 3.26). The result suggests that the 
contractor site office had a larger health hazards from the airborne fungi than the 
government's site office. It was found that the green roof was not the source of 
indoor airborne fungi in the contractor site office in section 4.1.2.2.1. Therefore, the 
higher abundance of airborne fungi found in the contractor site office might be due to 
the higher degree of human activities in that office than the government site office. 
4.2 Dusts from air-conditioners of the workplace 
In some studies on airborne fungi, dusts in carpet or on ground were collected 
for analysis (Chew et al., 2003; Engelhart et al., 2002; Homer et al., 2004). When a 
fungus reproduces asexually and/or sexually, the fungal spores and fragment cells are 
light and can be driven away by air current. So the dustbome community is likely 
representative of past and continuing airborne fungal exposure. Also, it is likely that 
cumulative or average fungal exposure is more relevant to health outcomes than a 
short period of sampling time's (in terms of minutes, hours) exposure (Chew et al., 
2003). However, carpet is not common in many indoor environments, such as flats 
and small offices in Hong Kong. There was no carpet in the two contractor's site 
offices. Instead, air-conditioning in cooling the indoor air temperature is very 
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common in Hong Kong. Thus, the dust on the filter of air-conditioners was collected 
and was analyzed. As air handling units, air-conditioners filter the dust particles in 
the air continuously when operating. Hence, the air-conditioners serve as long-term 
sampling on airborne fungi by filtering the dust particles in the air. The filter of 
air-conditioner is plastic and is not biodegradable. Thus it is expected that the growth 
rates of micro-organisms accumulated in the filter become low. The food source for 
these micro-organisms come from air or the micro-organisms themselves only. 
Autotrophic micro-organisms may be rare as the filter is inside an air-conditioner, 
and the rooms are not illuminated all the time. i.e. the filter provides a harsh 
environment for the airborne micro-organisms. 
4.2.1 Comparison of dustborne fungal abundances among different locations 
From Table 3.28, the dust from the conference room in the contractor site office 
in Castle Peak Road had the highest mold and fungal counts. The lowest mold, yeast 
and fungal counts were found in the sample from 1/F lobby in the contractor site 
office in Tsing Yi. 
The differences in the abundances among the dust samples might be due to the 
usage of the air-conditioners. In construction industry, one officer may be responsible 
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for more than one project and will not stay in a particular office fully during working. 
Also, some employees have to work both indoor and outdoor. The air-conditioners in 
1/F lobby, surveyor room and site officer room 2 in the contractor site office in Tsing 
Yi were turned on only as there was staff. Thus, these rooms had the lowest 
abundance for the dustborne fungi. The air-conditioner in G/F lobby, conference 
room and the surveyor room in the contractor site office Tsing Yi would not turn on 
unless there were visitors. For example, the conference room in the contractor site 
office in Tsing Yi also had a low usage. The air-conditioners would be turned on 
when there was meeting (about twice a week and 3 hours for each meeting). Also, 
there were many people in the meeting. This also increased the dust particles in the 
air. This would increase the abundance of the dustborne fungi. The site officer room 
1，the site accountant room and the pantry in the contractor site office in Tsing Yi 
were highest in the dustborne fungal abundances. This was because the 
air-conditioners in these rooms were turned on within working hours (0900 - 1730) 
during weekday. The high usage results in the highest fungal abundances. In the 
quality surveyor room in the contractor site office in Tsing Yi, it had a relatively 
higher abundance of dustborne fungi and visible mold damage on the walls of the 
room which would increase the fungal abundance in the air and hence in the dust. 
The site office was built of reused containers. Quality surveyors in the contractor site 
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office in Tsing Yi need to work more than 50% time outdoor and might have brought 
in outdoor fungi to the indoor environment. 
Similar observation was found in Castle Peak Road. The conference room had 
the highest abundance as there were many meetings (at least once in each morning 
and 1 - 3 hours for each meeting). The number of people at all ranks (visitors, 
workers, inspectors, engineers, etc.) was also large, up to 50. These two factors result 
in a high usage and high abundance. It was also found that the pantry in Castle Peak 
Road had a lower fungal abundance than that in Tsing Yi. It was because the 
cleansing staff in Castle Peak Road would clean the filter in the air-conditioner in the 
pantry once a week but the cleaning for other air-conditioners in Castle Peak Road 
office and all air-conditioners in Tsing Yi office was contracted out for annual service 
in Tsing Yi. 
When compared with other studies, the dust samples from the air-conditioners 
of the two construction site offices were higher in fungal abundance than that found 
in carpet dusts in other studies in houses (10^ - 10^ cfii/g dust) in Pennsylvania 
(Horner et al, 2004), in dwellings (10"^  -10^ cfu/g dust) in Germany (Engelhart et al., 
2002) and in homes (10^ cfu/g dust) in U.S. (Chew et al., 2003). This might be 
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because there was difference between the dust on the filter of air-conditioner and in 
the carpet. The filter could provide a damper and undisturbed environment for the 
fungi when compared with the carpet. Another reason was the difference between the 
air-conditioner and the carpet in trapping dust particles. The air-conditioner trapped 
the dusts in the air by sucking air in. Thus aerosols of light weight or smaller particle 
size are preferentially sucked and accumulated in the filter. On the other hand, the 
carpet trapped the dusts by the gravitational force. The sucking method might be 
more effective in collecting the dust particles. Finally, the dust from the 
air-conditioner had a higher abundance than that from the carpet might be simply 
because the carpets in other studies were cleaned more frequently than the 
air-conditioners. 
4.2.2 Comparison of dustborne fungal abundances on different accumulation 
times 
As mentioned in section 4.2.3, the dust sampling could represent a cumulative 
effect. Thus, a further investigation was done to determine the effect of different 
accumulative times. Most air-conditioners except the one in pantry in the contractor 
site offices in Castle Peak Road and Tsing Yi and the government office were cleaned 
by an external agent in Feb 2006 (before Chinese Lunar New Year). Therefore, there 
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was a 7-month accumulation time for the dust samples collected in Sep 2006. After 
sampling, the air-conditioners were cleaned by me. In Dec 2006 (three months later), 
the dust samples were collected from 3 air-conditioners in the contractor site office in 
Tsing Yi, they were the pantry, the site officer room 1 and the site accountant room. 
It was found that the dust samples collected in Dec 2006 had significantly lower 
fungal abundances (Table 3.29) than that collected in Sep 2006 (Table 3.28) (student 
t test atp < 0.05). It was because the shorter period would accumulate lesser airborne 
fungi. 
4.2.3 Comparison of dustborne fungal abundances on the contractor site offices 
and the government site office in Tsing Yi 
Dust samples were collected from the air-conditioners of the government's 
office in Tsing Yi in Mar 2007. As the job nature of the government office was to 
monitor and supervise the project progress, the dustborne fungal abundance was 
expected to be low and might serve as the 'baseline' in the study on the effect of 
human activities. The finding matches with the expectation. The fungal abundance 
ranged from 5 x 10^ to 2 x cfu/g dust (Table 3.30) which was 10 to 100 fold 
lower than that in the contractor site office in Tsing Yi and Castle Peak Road. 
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4.2.4 Comparison of species composition among dusts from the contractor site 
offices and the government site offices 
In my study, the species composition of the dustborne fungi found was different 
from the airborne one. Many basidiomycetes were found in air samples but not in the 
dust samples. The three most abundant genera were Aspergillus, Cladosporium and 
Penicillium. Their relative abundances were determined (Table 3.31). It was found 
that Cladosporium spp dominated the dust sample and then followed by Aspergillus 
spp and Penicillium spp. Thus this study confirmed the 3 dominant genera in dust 
samples but their abundance order was different from Chew and colleagues study 
(Chew et al., 2003) which found that the most dominant genus was Aspergillus and 
then followed by Penicillium and Cladosporium. One of the common airborne fungi, 
Fusarium was not found in the culturable fungal list of the dust samples. It might be 
because this group of fungi could not adapt the environment in air-conditioners. 
In my study, the dustborne fungal abundance was relatively higher when 
compared with the other carpet dusts. The dominant fungi were Cladosporium spp. 
Cladosporium is one of the important fungi associated with allergy (Kurup et al., 
2002). Hence, it could be a hazard to the workers inside the offices. In this study, the 
pantry in the contractor site office in Castle Peak Road with regular cleaning of the 
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filter maintained 15 x 10^ cfli fungi/g dust. Three-month accumulation in the pantry 
in the contractor site office in Tsing Yi showed 4 - 40 x 10^ cfu fungi/g dust which 
was 10-fold smaller than the fungal counts in the dust samples collected Sep 2006. 
Therefore, it is suggested that the air-conditioner should be cleaned frequently, once 
for three months at least. Also, the cleansing staff should wear face masks and gloves 
to protect themselves from the health risk of the fungi. 
4.2.5 Mycotoxins in the dust samples 
The total aflatoxins content, deoxynivalenol content and total ochratoxins 
content were determined by the commercial ELISA kits. Citrinin was detected by 
GC-SIM. The advantages of using ELISA are the convenience and rapidity in getting 
results but this method generally has a lower detection limit than using other 
detection methods, such as GC-MS and HPLC-MS (DeVries, 2000). 
4.2.5.1 Anatoxin contents of the dust samples 
Although many of them were at rather low levels, these three mycotoxins were 
always detected in the dust samples (Table 3.32). The highest content of aflatoxins 
(442 |ig aflatoxins /kg) was found in the dust from the site accountant room of the 
contractor site office in Tsing Yi collected in Dec 2006. It should be noticed that the 
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total aflatoxins content is the mixture of aflatoxins (Bi, B2, Gi and G2). Among the 
aflatoxins, aflatoxin Bi is the most prevalent one (Wang et al’ 2006). The detected 
aflatoxin contents ranged from 93 一 442 |j,g/kg for the contractor site office in Tsing 
Yi and 0-100 |j-g/kg for the contractor site office in Castle Peak Road. Aflatoxins 
BI contents in the airborne dust and settled dust of two farms were found to be: 125 
and 227 |xg/kg, respectively (Selim et al., 1998). Surprisingly, the 3 dust samples 
collected from the rooms of the government office in Tsing Yi also had 209 - 254 
l^ g/kg. They had higher aflatoxin contents then the dust samples collected in the 
contractor site office in Castle Peak Road. Thus Tsing Yi workplace might have more 
aflatoxin producers. Table 3.31 shows that Aspergillus and Penicillium spp (the 
major aflatoxin producers) were not frequently found in the dust samples collected in 
Castle Peak Road office. 
4.2.5.2 Deoxynivalenol contents of the dust samples 
The detected deoxynivalenol contents ranged from 6 - 44 mg deoxynivalenol 
/kg for the contractor site office in Tsing Yi and 6 - 4 9 mg/kg for the contractor site 
office in Castle Peak Road. The 3 rooms of the government office in Tsing Yi also 
had 9 - 2 1 mg/kg. The highest content of deoxynivalenol, (49 mg/kg), was found in 
the dust sample collected from the conference room of the contractor site office in 
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Castle Peak Road in Sep 2006. The highest content of deoxynivalenol found in 
settled dusts collected in a grain farm with mold contaminated grains was 2.2 mg/kg 
(Halstensen et al., 2006). The dust samples collected in the air-conditioners had 
higher deoxynivalenol contents indicating its common occurrence in Hong Kong. At 
least, deoxynivalenol was also detected in the dust samples collected the 
air-conditioners in residential area (8-51 mg/kg) and in the dust samples collected 
from the air-conditioners in the mushroom house go-down in C U H K (21 mg/kg) 
(own unpublished results). Simple cleaning can remove this mycotoxin as shown in 
the lowering of the mycotoxin content by 45 - 74% between Aug and Dec 2006. 
4.2.5.3 Ochratoxin contents of the dust samples 
The detected ochratoxin contents ranged from 77 — 279 |ig ochratoxin /kg for 
the contractor site office in Tsing Yi and 259 - 510 |ig/kg for the contractor site 
office in Castle Peak Road. The government office in Tsing Yi had 373 - 395 |ig/kg. 
The highest content of ochratoxin (a mixture of ochratoxins A, B and C) (395 |xg/kg) 
was found in the dust from the assistant engineer room in the government office in 
Tsing Yi collected in Mar 2007. Among the three ochratoxins, ochratoxins A is the 
most prevalent one. The highest content of ochratoxin A found in settled dusts 
collected in a storage room with mold contaminated grains was 318 jig/kg 
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(Pussemier & Tangni，2006). However, it should be noticed that the dust from the 
other studies were settled dust on the ground, equipments or desks, while the dust 
samples in m y study were collected from the filter of air-conditioners. In my study, 
the mycotoxins contents did not correlate with the dustborne fungal abundance. 
However, it was shown that mycotoxins always existed in the dust settled in the filter 
of air-conditioners. And sometimes the concentration was very high. 
4.2.5.4 Mycotoxin producers in the dust samples 
GC-MS has been used to determine the mycotoxins as it was more sensitive. 
However, preparation work had to be done. Moreover, some mycotoxins are not 
volatile so they could not be determined by GC-MS. Another problem was that some 
mycotoxins would be broken at high temperature (DeVries, 2000; Diaz, 2006). For 
example, citrinin would be broken down into different derivatives. Therefore, it 
could not be detected by S C A N mode and selected ion monitoring (SIM) mode must 
be used for the determination (Lin 8c Shu, 2002). The selected fragmentations (m/z 
of 220, 205, 177, 105 and 91) for citrinin are detected at retention time 15.15 minutes. 
In this case, if there was no standard or no database for a mycotoxin, GC-MS could 
not be used for the determination. 
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According to the GC-MS data, no citrinin was detected in the dust samples. 
From the fungal surveys, citrinin producers, e.g. Penicillium citrinum and 
Aspergillus terreus, were found in the airborne community in my study (Samson, 
2005). However, no citrinin was detected. It might be because only small amount (10 
mg) of dust sample was used for the analysis. The content of citrinin in 10 mg dust 
might be too little to be detected and lower than the detection limit (10 ppm). 
Aflatoxins and ochratoxins are mainly produced by the species of Aspergillus 
and Penicillium. The spread plate method also showed that there were Aspergillus 
and Penicillium spp in the dust samples (Table 3.31). Deoxynivalenol is produced by 
three Fusarium spp only. However, no culturable Fusarium was found in the dust 
samples by using the spread plate method. This may indicate that the toxin could be 
present even through the producer was no longer in the dust. 
4.2.6 The organic profiles of the dust samples determined by GC-MS 
The organic components of the dust samples were determined by the scan mode 
of GC-MS. It was found that plasticizers were always found in the dust samples. 
According to Ontario Ministry of the Environment in Canada, these plasticizers 
could come from the plastics used in air-conditioners and/ or the indoor air. One of 
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the plasticizer, di(2-ethylhexyl) phthalate (DEHP), is on the Priority Substance List 
(USEPA). According to International Agency for Research on Cancer, it is a group 3 
carcinogen. The major exposure route for DEHP is inhalation. DEHP will not cause 
lethal effect on human but it has several chronic effects such as, damage on 
reproductive organs, lungs, kidney and liver. People exposing to DEHP may feel pain, 
numbness, weakness and spasms in the lower extremities. Also, it is well known that 
DEHP has an endocrine disruption effect (Latini et al., 2004). 
D E H P concentrations ranged from 0 to 27.8 mg/kg in the dust samples. There is 
no regulation on DEHP content in dust in Hong Kong. In Ontario, Canada, the 
guideline for D E H P is 100 jigW (half hour average). The average concentration of 
D E H P in workplace air is limited by O S H A to 5 mg/m^ of air over an 8-hour 
workday. The short-term (15-minute) exposure limit is 10 mg/m^. The guidelines 
established by the American Conference of Governmental Industrial Hygienists 
(ACGIH) for the workplace are the same as the O S H A regulations. 
It was found that the concentration of dust particle in the air generally ranged 
from 0.1 - 1 mg/m^ (Brera et al., 2002). And dust particles would not excess 100 
mg/m^ even in a dusty environment (workplace in a maize processing plant) (Ghosh 
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et al, 2005). By calculating the dust amount in the air (100 mg/m^) and the DEPH 
amount in dust, it was found that the maximum DEPH concentration in the air would 
only be: D E H P (j^ g/g dust) x dust amount (mg/m^) = (27.8 / 1000 x 100) = 
2.78 i^gW. In other words, DEHP level in the dust samples collected in the two sites 
in Hong Kong does not exceed the ACGIH guidelines. 
Beside plasticizer, some organic compounds, nonadecane and nonanal were 
found. All of them are volatile organic compounds (VOCs). Nonadecane and nonanal 
have long carbon chain in their structures. They have large abundance in the air and 
they are probably emitted from plants or micro-organisms to the air (Shepson et al., 
2003). 
By using the GC-MS, the mycotoxins as well as the organic components in the 
dusts could be determined. However, a large amount of dusts (up to 50 mg) was 
needed for the extraction. It was too demanding as the amount of dust from 
air-conditioners varied from 10 mg to 100 mg. It was also not suggested to decrease 
the amount of dust used for the extraction for accuracy in measurement (e.g. 
weighting). 
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The result of GC-MS analysis showed that there was no citrinin detected and the 
organic components in the dust were mainly plasticizers with some VOCs. Although 
there were health effects from the plasticizers and VOCs on human, their 
concentration was not high. 
4.2.7 Cytotoxicities of the dust samples 
The dust samples contained various mycotoxins, other compounds and 
micro-organisms (including bacteria and fungi). It was believed that the dust particles 
had toxic effect on human. Therefore, a cytotoxicity assay using trypan blue to stain 
cells as a cell viability marker, was carried out by using the dust extract. Ethanol was 
used for the extraction as it could extract most mycotoxins (DeVries, 2000). The 
assay was conducted on two different cell lines: MCF-7 and NCI HI299. Although 
some of the dust extracts had effect on the growth of the cell lines, it was consistent 
that the dust extracts from the conference room in contractor site office in Tsing Yi 
(low dose), the pantry of the contractor site office in Tsing Yi (high and low doses) 
had significantly introduced mortality to the two cell lines. In another study, 
MicrotoxTM was used to assess the toxic effect of the settled dusts from different 
areas in agricultural facilities, maize processing plant and rice mill (Ghosh et al.’ 
2005). It also showed that 2 out of 7 dust samples had significant toxic effect. 
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Although mycotoxins were detected nearly in all dust samples, only two dust 
samples were found to have significant toxic effect on the human cell lines. Beside 
mycotoxins, the dusts contained various types of organic and inorganic matters. 
There might be additive, synergistic or antagonistic effects among the mycotoxins 
and other agents (Ghosh et al., 2005; Wang et al” 2005). The microscopic images 
(Figures 3.8 - 3.11) also show that the dust contained various substances. Besides, 
some samples only exerted its toxic effect to the cells in low concentration (low dose) 
but not in high concentration (high dose). It may be due to the unknown interactions 
among the various types of compounds in the dust samples (Ghosh et al” 2005). Or 
at high dose, an effective compound was insoluble in the solvent but become soluble 
at low dose. In order to investigate the components in the dusts, other solvents, such 
as water and chloroform should be used for the extraction. However, the amounts of 
the dusts were small which limit the further investigation. 
It was found that some dust samples which all came from Tsing Yi site had 
significant cytotoxicity on both MCF-7 and NCI HI 299. Two dust samples of the 13 
Tsing Yi site were cytotoxic, and these samples were from the Sep batch. However, 
the toxicity seemed not to correlate with the fungal abundance and the amount of 
mycotoxins of the dust samples. 
I 
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4.2.8 Conclusion on the health hazards from dusts in air-conditioners 
The dust samples settled in the air-conditioners had high fungal abundances and 
were dominated by the allergenic genus Cladosporium. Also, mycotoxins were found 
in all of the dust samples. Although GC-MS analysis showed their organic 
components did not had very toxic substances and the cytotoxicity assay only found 
two dust samples had significant toxic effect to the two cell lines, it still had to pay 
attention to the health hazards to the workers, especially the cleansing staff. Proper 
personal safety equipments (e.g. face masks and gloves) should be worn when 
cleansing the air-conditioners. Besides, the air-conditioners should be cleaned at least 
once for three months if the usage is high (operate every weekday). It can decrease 
the dustborne fungal abundance by one-tenth. 
4.3 Sampling strategy 
This study demonstrated a new sampling strategy for the airborne fungi. Site 
inspection was done with the sampling of airborne fungi in parallel. Visual inspection 
of the site is important as it is useful in spotting contaminated areas/ rooms. In the 
sampling of airborne fungi, the passive method using the collector with preservative 
and the active methods by samplers were used. 
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In this study, the active sampling method was done as it gives a comparable unit 
(cfu/m^ air) for the past studies and guidelines. In addition, it is convenient to 
compare with airborne bacteria which are sampled by standardized active methods. It 
was believed that it would be better to take the sampling in working hour rather than 
in non-working hour. It was because it would reflect the airborne fungal level when 
the staffs were working. Thus, the sampling result carried out in Hong Kong may be 
compared with those reported in the BASE protocol study in U S A (USEPA). 
Unfortunately, the recommended sampling conditions and office requirement set by 
the BASE protocol (see Introduction chapter; USEPA, 
http://www.epa.gov/iaq/base/highlighted_analysis.html) are not met by the Hong 
Kong environment. 
In terms of the volume of air sampled, the US BASE protocol used a 
single-stage, multiple hole agar impactor (N-6 sampler; Thermo Anderson, Franklin, 
M A , USA) with a flow rate of 28.3 L/min for 2 or 5 min in suction (standardized 
protocol; http://www.epa.gov/iaq/base/highlighted_analysis.html). This means 
sampling a volume of 140L of air at most for one sample. The same condition was 
used for sampling airborne culturable bacteria 
(http://www.epa.gov/iaq/base/highlighted analvsis.html). In this study, a long 
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enough sampling time (e.g. 17 hours) was practiced to collect the airborne fungi in 
the two workplaces with a total volume of 5,100 L air sampled. If the results of 
Tables 3.9 and 3.10 reflect the reality, lengthening the sampling time would enable 
the collection of 'infrequent' fungal species. In the B A S E study, it is also reported 
that different sampling methods will generate different airborne fungal compositions 
(http://www.epa.gov/iaq/base/highlighted analvsis.html): 
Thirty groups of fungi were identified in 1% or more of the Andersen (active 
impactor method onto agar plate) or Burkard samples (direct observation of fungal 
spores collected from impactor onto a glass slide). This comparison is made to show 
that there are similarities and differences in the two methods, but not to provide a 
direct comparison of the results. A total of 58 fungal groups were reported in the 
BASE study, of which 28 (48%) were identified only by culture, 13 (22%) were 
identified only by direct examination, and 17 (30%) were identified by both methods.‘ 
The passive sampling method had shown its advantage in collecting airborne 
fungi in some specific areas and reflecting the situation at these areas. Also it is a 
simple setup in contrast to the use of air samplers for active methods. It is important 
in sampling airborne fungi in workplaces or indoor environment where is highly 
�225 
partitioned, as these indoor environments will affect the sampling efficiency of the 
active sampling methods (Portony et al., 2004). Further, mold spores and cells are 
heavier in density than air. These fungal cells appear transitionally in the air. Short 
sampling time by the active sampling method could not catch them all. Prolonged 
sampling time is proper to collect airborne fungi. In an indoor environment, the 
rooms with high human activities such as conference room and surveyor room and 
the rooms with special functions such as pantry and toilet should be sampled. Also, 
the air near the entrance should be sampled as it might reflect the influence of the 
outdoor airborne fungi. Although the data from the passive sampling method is not 
comparable with the active sampling methods, the fungal species found by this 
method is informative, and the result helps assess the hazards. 
Both the active and passive sampling methods are short to medium term 
sampling. In addition, dust samples from air-conditioners should also be assessed. 
This is because it simulates a long term sampler for the indoor air. More attention 
should be paid on the air-conditioners with high usage as their dusts showed higher 
fungal abundances in this study. Mycotoxins analysis may also be done as it was 
shown that nearly all dust samples contained mycotoxins. Some dust samples were 
also cytotoxic. 
�226 
4.4 Further investigation 
The present study assessed the airborne fungi in two construction workplaces 
for a year. It is a pioneer study and provides a database on the diversity of airborne in 
construction workplaces. The indoor and outdoor fungi did not show a consistent 
seasonal change from the two sites. Besides, it was found that the dusts from the 
air-conditioners also had high culturable fungal counts. The relationship between the 
dustborne and airborne fungi should be investigated to see whether dusts from 
air-conditioners are representative or not. The dusts also contained various 
mycotoxins. Since the air-conditioner sucks in and pump out air when operating, 
mycotoxins may be released to the air and cause health hazards. Therefore, more 
studies on the airborne mycotoxins should be done. Finally, in order to investigate 
the health risk from the airborne fungi to human more work using both active and 
passive sampling methods together with the occupants' health in workplace, 
residence and schools are needed. 
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5. Conclusion 
In the first part of this study, four sampling methods were tested. It was found 
that using a passive sampling method, collectors with preservative could be used to 
collect the airborne fungi at specific areas. The active sampling method using 
stationary biosampler could be used to determine the airborne fungi in an indoor 
environment with less partition. A shorter sampling time, three to four hours could be 
used to get the highest abundance of airborne fungi. On the other hand, a longer 
sampling time, about 17 hours, could be used to collect more different species, i.e. 
higher species richness. Another active sampling method, portable biosampler, can be 
used to simulate a person breathing and can replace the stationary biosampler for 
shorter than four hours sampling. 
In the second part of this study, the airborne fungi in two construction 
workplaces were monitored for one year by both active and passive sampling methods. 
This study applied a complementary strategy on the sampling of airborne fungi. The 
passive sampling method was used to collect samples in specific rooms. It helped to 
show the airborne fungi diversity in specific indoor areas. The active sampling 
method was used to determine the concentration for comparison. The sampling time 
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of the active sampling method for the indoor airborne fungi was set at 17 hours to 
accumulate more different fungal species. Also, in identification of the fungal isolates, 
a complementary strategy was adopted: the fungal isolates which reproduce asexually 
or sexually in artificial media were identified by morphological features. The yeasts 
and some non-sporulating species were identified by the molecular method. Thus this 
study could give a fair assessment on the relative abundance of mold and yeast in the 
air habitat unlike other literatures. 
The indoor airborne fungal abundance was not high in the two sites. There was 
no consistent seasonal change in the two sites. This study also provided some 
information on the diversity of airborne fungi in construction workplaces and their 
health hazards in terms of fungal abundance, mycotoxins and cytotoxicities of the 
dust particles collected in air-conditioners as a historical reflections of the airborne 
communities. These could be used as a reference to design the criteria for airborne 
fungi in Indoor Air Quality in the future. 
In this study, all dust samples contained more than one type of mycotoxins and 
some of them showed cytotoxicities on two human cell lines, lung cancer cells and 
breast cancer cells. This study also showed that high fungal abundances and 
�229 
mycotoxins were always found in air-conditioner dust. Thus, regular and frequent 
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